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INTKODUCTION. 

In accordance with the object I have proposed to myself, 
and which, as far as my own powers and the present state 
of science permit, I have regarded as not imattainable, I 
have, in the preceding volumes of Cosmos, considered Nature 
in a twofold point of view. In the first place, I have 
endeavoured to present her in the pure objectiveness of 
external phenomena; and, secondly, as the reflection of 
the image impressed by the senses upon the inner man, that 
is, upon his ideas and feelings. 

The external world of phenomena has been delineated under 
the scientific form of a general picture of nature in her two 
great spheres, the uranological and the telluric or terrestrial. 
This delineation begins with the stars, which glimmer amidst 
nebulsB in the remotest realms of space, and passing from our 
planetary system to the vegetable covering of the earth, 
descends to the minutest organisms which float in the atmo- 
sphere, and are invisible to the naked eye. In order to give due 
prominence to the consideration of the existence of one 
common bond encircling the whole organic world, of the control 
of eternal laws, and of the causal connexion, as far as yet 
known to us, of whole groups of phenomena, it was necessary 
to avoid the accumulation of isolated facts. This precaution 
''toi. in. B 



2 COSMOS. 

seemed especially requisite where, in addition to the dynamic 
action of moving forces, the powerful influence of a specific 
difference of matter manifests itself in the terrestrial por- 
tion of the universe. , The problems presented to us in the 
sidereal, or uranological, sphere of the Cosmos, are, consi- 
dering their nature, in as far as they admit of being ob- 
served, of extraordinary simplicity, and capable, by means 
of the attractive force of matter and the quantity of its mass, 
of being submitted to exact calculation in accordance with the 
theory of motion. If, as I believe, we are justified in regard- 
ing the revolving meteor-asteroids (aerolites) as portions of our 
planetary system, their fall upon the earth constitutes the sole 
means by which we are brought in contact with cosmical sub- 
stances of a recognisable heterogeneity.* I here refer to the 
cause which has hitherto rendered terrestrial phenomena 
less amenable to the rules of mathematical deduction than 
those mutually disturbing and re-adjusting movements of the 
cosmical bodies, in which the fundamental force of homo- 
geneous matter is alone manifested. 

I have endeavoured, in my delineation of the earth, to arrange 
natural phenomena in such a manner as to indicate their causal 
connexion. In describing our terrestrial sphere, I have consi- 
dered its form, mean density, electro-magnetic currents, the 
processes of polar light, and the gradations according to which 
heat increases with the increase of depth. The reaction of 
the planet's interior on its outer crust implies the existence of 
volcanic activity; of more or less contracted circles of waves of 
commotion (earthquake waves), and their effects, which are not 
always purely dynamic; and of the eruptions of gas, of mud, 
and of thermal springs. The upheaval of fire-erupting moun- 
tains must be regarded as the highest demonstration of the 
inner terrestrial forces. We have therefore depicted volcanoes, 
both central and chain formations, as generative no less than as 

* Cosmos^ vol. i. pp. 46-47, 125. 
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destroctive agents, and as constaDtly forming before ottr eyes 
for the most part periodic rocks (rocks of eruption); we 
h&ve likewise shown in contrast with this formation how sedi- 
mentary rocks are in the course of precipitation from fluids, 
which hold their minutest particles in solution or suspension. 
Such a comparison of matter still in the act of development 
and solidification with that already consolidated in the form 
of strata of the earth's crust, leads us to the distinction of 
geognostic epochs, and to a more certain determination of the 
chronological succession of those formations in which lie 
entombed extinct genera of animals and plants — the fauna 
and flora of a former world, whose ages are revealed by the 
order in which they occur. The origin, transformation, 
and upheaval of terrestrial strata, exert, at certain epochs, an 
alternating action on all the special characteristics of the 
ph3r8ical configuration of the earth's surface; influencing 
the distribution of fluids and solids, and the extension and 
articulation of continental masses in a horizontal and vertical 
direction. On these relations depend the thermal conditions 
of oceanic currents, the meteorological processes in the aerial 
investment of our planet, and the typical and geographical dis- 
tribution of organic forms. Such a reference to the arrangement 
of telluric phenomena presented in the picture of nature, 
will, I think, suffice to show that the juxtaposition of great, 
and apparently complicated, results of observation, facilitates 
our insight into their causal connection. Our impressions of 
nature will, however, be essentially weakened, if the picture 
faü in warmth of colour by the too great accimiulation of 
minor details. 

In a carefully.sketched representation of the phenomena 
of the material world, completeness in the enumeration of 
individual features has not been deemed essential, neither 
does it seem desirable in the delineation of the reflex 
of external nature on the inner man. Here it was 

s2 



4 COSMOS. 

necessary to observe even stricter limits. The boundless 
domain of the world of thought, enriched for thousands of 
years by the vigorous force of intellectual activity, exhibits, 
.among diflferent races of men, and in different stages of 
civilization, sometimes a joyous, sometimes a melancholy tone 
of mind ;' sometimes a delicate appreciation of the beautiful, 
sometimes an apathetic insensibility. The mind of man is 
first led to adore the forces of nature and certain objects of 
the material world ; at a later period it yields to religious 
impulses of a higher and purely spiritual character.' The 
inner reflex of the outer world exerts the most varied 
influence on the mysterious process of the formation of 
language,* in which the original corporeal tendencies, as well 
as the impressions of surrounding nature, act as powerful 
concurring elements. Man elaborates within himself the 
materials presented to him by the senses, and the products 
of this spiritual labour belong as essentially to the domain of 
the Cosmos as do the phenomena of the external world. 

As a reflected image of Nature, influenced by the crea- 
tions of excited imagination, cannot retain its truthM purity, 
there has arisen besides the actual and external world, an 
ideal and internal world, full of fantastic, and partly sym- 
bolical myths, heightened by the introduction of fabulous 
animal forms, whose several parts are derived from the 
organisms of the present world, and sometimes even from the 
relics of extinct species.' Marvellous flowers and trees spring 
from this mythic soil, as the giant ash of the Edda-Songs, 

* Cosmos, vol. i. pp. 3-5 ; vol. ii. pp. 376 and 456. 
3 Ihid., vol. ii. pp. 392-396, and 411-415. 

* Ihid,, vol. i. pp. 366-369 ; vol. ii. pp. 473-473. 

* M. von Olfer's Ueherreste voriveltlicher Riesenthiere in 
Beziehung auf Ostasiatische Sagen in the Ahh, der BerL Akad,, 
1832, 8. 51. On the opinion advanced by Empedocles 
regarding the cause of the extinction of the earliest animal 
forms, see HegeFs Geschichte der Philosophie, bd. ii. s. 344. 
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the world-tree, Y^drasil, whose branches tower above the 
heaTens, while one of its triple roots penetrates to the 
"foaming cauldron springs" of the lower world.* Thus the 
cloud-region of physical myths is filled with pleasing or 
with fearful forms, according to the diversity of character 
in nations and climates; and these forms are preserved for 
centuries in the intellectual domain of successive generations. 
If the present work does not folly bear out its title, the 
adoption of which I have myself designated as bold and 
inconsiderate, the charge of incompleteness applies especially 
to that portion of the Cosmos which treats of spiritual life; 
that is, the image reflected by external nature on the inner 
world of thought and feeling. In this portion of my work 
I have contented myself with dwelling more especially upon 
those objects which lie in the direction of long-cherished 
studies; on the manifestation of a more or less lively appre- 
ciation of nature in classical antiquity and in modem times ; 
on the fragments of poetical descriptions of nature, the 
colouring of which has been so essentially influenced by indi- 
viduality of national character, and the religious monotheistic 
view of creation;, on the fascinating charm of landscape- 
painting ; and on the history of the contemplation of the physi- 
cal imiverse, that is, the history of the recognition of the imi- 
verse as a whole, and of the unity of phenomena, — a recognition 
gradually developed during the course of two thousand years. 
In a work of so comprehensive a character, the object of 
which is to give a scientific, and at the same time an animated 
description of nature, a first imperfect attempt must rather 
lay claim to the merit of inciting than to that of satisfying 

• See, for the world-tree Yggdrasil, and the rushing (foam- 
ing) cauldron-spring Hvergelmir, the Deutsche Mythologie 
of Jacob Grimm, 1844, s. 530, 756; also Mallet's Northern 
Antiquities, (Bohn's edition), 1847, pp. 410, 489, and 492 
and frontispiece to ditto. 



6 COSMOS« 

inquiry. A Book of Nature, worthy of its exalted title, can 
never be accomplished until the physical sciences, notwith- 
standing their inherent imperfectibiUty, shall, by their gradual 
deyelopment and extension, have attained a higher degi'ee o*. 
adviLncement, and until we shall have gained a more extended 
knowledge of the two grand divisions of the Cosmos, — ^the 
external world, as made perceptible to us by the senses; 
and the inner, reflected intellectual world. 

I think I have here sufficiently indicated the reasons 
which determined me not to give greater extension to the 
general picture- of nature. It remains for this third and last 
volume of my Cosmos, to supply much that is wanting in the 
, previous portions of the work, and to present those results 
of observation on which the present condition of scientific 
opinion is especially grounded. I shall here follow a similar 
mode of ' arrangement to that previously adopted, for the 
reasons which I have advanced, in the delineation of nature. 
•But before entering upon the individual facts on which special 
departments of science are based, I would fain offer a few 
more general explanatory observations. The imexpected 
indulgence with which my undertaking has been received by 
a large portion of the public, both at home and abroad, 
renders it doubly imperative that I should once more define, 
as distinctly as possible, the fundamental ideas on which the 
whole work is based, and say something in regard to those 
demands which I have not even attempted to satisfy, because, 
according to my view of empirical — *. e,, experimental — 
science, tkey did not admit of being satisfied. These explana- 
tory observations involuntarily associate themselves with his- 
torical recollections of the earlier attempts made to discover 
the one universal idea to which all phenomena, in their causal 
connection, might be reduced, as to a sole principle. 

The fundamental principle''^ of my work on the Cosmos, as 

^ Cosmos, vol. i. pp. 28-31, and 51-60. 



INTBODUCTION. 7 

eaumeiated by me more than twenty years ago, in the Frendh 
and German lectures I gave at Paris and Berlin, compre- 
hended the endeavour to combine all cosmical phenomena 
in one sole picture of nature ; to show in what manner the 
common conditions, that is to say, the great laws, by which 
individual groups of these phenomena are governed, have 
been recognized ; and what course has been pursued in ascend- 
•ing from these laws to the discovery of their causal con- 
nexion. Such an attempt to comprehend the plan of the 
imiverse — ^the order of nature— rmust begin with a genera- 
JUzation of particular facts, and a knowledge of the con- 
^ditions under which physical changes regularly and periodi- 
cally manifest themselves; and must conduct to the thoughtful 
consideiation of the results yielded by empirical observation, 
but not to ^^a contemplation of the universe based on specu- 
lative deductions and development of thought alone, or to a 
theory of absolute unity independent of experience." We are, 
1 here repeat, £är distant from the period when it was thought 
»poesible to concentrate all sensuous perceptions into the 
:unity of one sole idea of nature. The true path was indicated 
upwards of a century before Lord Bacon's time, by Leonardo 
da Tinci, in these few words : ** Cominciare dall' esperienza 
e;per mezzo di questa scoprime la ragione ."*— ^<< Commence 
by experience, and by means of this discover the reason." In 
'many groups of ph^iomena we must «till content ourselves 
with tiie recognition of empirical laws; but the highest and 
more rarely attained aim of all natural inquiry must ever be 
the discovery of their causal connexion.* The most satisfactory 

• Op, ciL vol. ii. p. 661. 

• In the Introductory Observations, in Cosmos^ v. i. p. 30, 
it should not have been generally stated that ** the ultimate 
object of the experimental sciences is to discover laws, and to 
trace their progressive generalization." The clause "in 
many kinds of phenomena," should have been added. The 
<$aution with which I have expressed myself in the 2nd 
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inquiry. A Book of Nature, worthy of its exalted title, can 
never be accomplished until the physical sciences, notwith- 
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deyelopment and extension, have attained a higher degi-ee o* 
advioicement, and until we shall have gained a more extended 
knowledge of the two grand divisions of the Cosmos, — ^the 
external world, as made perceptible to us by the senses; 
and the inner, reflected intellectual world. 

I think I have here sufficiently indicated the reasons 
which determined me not to give greater extension to the 
general picture' of nature. It remains for this third and last 
volume of my Cotmos, to supply much that is wanting in the 
.previous portions of the work, and to present those results 
of observation on which the present condition of scientific 
opinion is especially grounded. I shall here follow a similar 
mode of i arrangement to that previously adopted, for the 
reasons which I. have advanced, in the delineation of nature. 
But before entering upon the individual facts on which special 
departments of science are based, I would fain offer a few 
more general explanatory observations. The imexpected 
indulgence with which my undertaking has been received by 
a large portion of the public, both at home and abroad, 
renders it doubly imperative that I should once more define, 
as distinctly as possible, the fundamental ideas on which the 
whole work is based, and say something in regard to those 
demands which I have not even attempted to satisfy, because, 
according to my view of empirical — *. e., experimental — 
science, they did not admit of being satisfied. These explana- 
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^ Cosmos, vol. i. pp. 28-31, and 51-60. 
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enimeiated by me more than twenty years ago, in the French 
and German lectures I gave at Paris and Berlin, compre- 
hended the endeavour to combine all cosmical phenomena 
in one sole picture of nature ; to show in what manner the 
common conditions, that is to say, the great laws, by which 
individual groups of these phenomena are governed, have 
been recognized ; and what course has been pursued in ascend- 
ing from these laws to the discovery of their causal con- 
nexion. Such an attempt to comprehend the plan of the 
universe — the order of nature-~Hnust begin with a genera- 
lization of particular &cts, and a knowledge of the con- 
ditions mider which physical changes regularly and periodi- 
cally manifest themselves; and must conduct to the thoughtful 
consideration of the results yielded by empirical observation, 
but not to "a contemplation of the universe based on specu- 
lative deductions and development of thought alone, or to a 
tiieory of absolute unity independent of experience." We are, 
I here repeat, far distant from the period When it was thought 
.possible to concentrate all sensuous perceptions into the 
.unity of one sole idea of nature. The true path was indicated 
upwards of a century before Tiord Bacon's time, by Leonardo 
da Vinci, in these few words: ** Cominciare dall' esperienza 
eper mezzo di questa scoprime la ragione ."*— ^<' Commence 
by experience, and by means of this discover the reason." In 
-many groups of ph^iomena we must «till content ourselves 
with the recognition of empirical laws; but the highest and 
more rarely attained aim of all natural inquiry must ever be 
the discovery of their causal connexion} The most satisfactory 

• Op. cit. vol. ii. p. 661. 

• In the Introductory Observations, in Cosmos, v. i. p. 80, 
it should not have been generally stated that " the ultimate 
object of the experimental sciences is to discover laws, and to 
trace their progressive generalization." The clause ''in 
many kinds of phenomena," should have been added. The 
caution with which I have expressed myself in the 2nd 
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and distinct evidence will always appear where the laws 
of phenomena admit of being referred to mathematical prin- 
ciples of explanation. Physical cosmography constitutes 
merely in some of its parts a cosmology. The two expres- 
sions cannot yet be regarded as identical. The great and 
solemn spirit that pervades the intellectual labour, of which 
the limits are here defined, arises from the sublime conscious- 
ness of striving towards the infinite, and of grasping all that is 
revealed to us amid the boundless and inexhaustible fulness 
of creation, development, and being. 

This active striving which has existed in all ages, must 
frequently and under various forms, have deluded men into the 
idea, that they had reached the goal, and discovered the prin- 
ciple which could explain all that is variable in the organic 

vol. of this work (p. 694), on the relation borne by Newton 
to Kepler, cannot, I think, leave a doubt that I clearly 
distinguish between the discovery and interpretation of 
natural laws, i. c, the explanation of phenomena. I there 
said of Kepler: "The rich abimdance of accurate observations 
ftunished by Tycho Brahe, the zealous opponent of the 
Copernican system, laid the foundation for the discovery 
of those eternal laws of the planetary movements which 
prepared imperishable renown for the name of Kepler, and 
which, interpreted by Newton, and proved to be theoretically 
and necessarily/ true, have been transferred into the bright 
and glorious domain of thought, as the intellectual recognition 
of nature:' Of Newton, I said (p. 736): *'We close it 
[the great epoch of Galileo, Kepler, Newton, and Leibnitz,] 
with the figure of the earth as it was then recognized from 
theoretical conclusions. Newton was enabled to give an 
explanation of the system of the universe, because he suc- 
ceeded in discovering the force from whose action the laws 
of Kepler necessarily result.'* Compare on this subject (" On 
Laws and Causes") the admirable remarks in Sir John Hers- 
chel's address at the fifteenth meeting of the British Associa- 
tion at Cambridge, 1845, p. xlii.; and Edinh, Rev. vol. 87, 
1848, pp. 180-183. 
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world, and all the phenomena revealed to us by sensuous 
perception. After men had for a long time, in accordance 
with the earliest ideas of the Hellenic people, venerated the 
agency of spirits, embodied in human forms,^*^ in the creative, 
changing, and destructive processes of nature ; the germ of a 
scientific contemplation developed itself in the physiological 
fancies of the Ionic school. The first principle of the origin 
of things, the first principle of all phenomena, was referred 
to two causes^* — either to concrete material principles, the so- 
called elements of Nature, or to processes of rarefaction and 
condensation, sometimes in accordance with mechanical, some- 
times with dynamic views. The hypothesis of four or five 
materially differing elements, which was probably of Indian 
origin, has continued from the sera of the didactic poem of 
Empedocles, down to the most recent times, to imbue all opi- 
nions on natural philosophy — a primeval evidence and monu- 
ment of the tendency of the human mind to seek a generaliza- 
tion and simplification of ideas, not only with reference to 
the forces, but also to the qualitative nature of matter. 

In the latter period of the development of the Ionic phy- 
siology, Auaxagoras of ClazomensB advanced from the pos- 
tulate of simply dynamic forces of matter, to the idea of a 
spirit independent of all matter, uniting and distributing the 

" In the memorable passage {Metaph. xii. 8. p. 1074, 
Bekker.) in which Aristotle speaks of " the relics of an earlier 
acquired and subsequently lost wisdom," he refers with extra- 
ordinary freedom and significance to the veneration of phy- 
sical forces, and of gods in human forms: "much,'* says 
he, " has been mythically added for the persuasioii of the 
multitude, as also on account of the laws and for other useful 
ends." 

^* The important difference in these philosophical direc- 
tions TpoTToiy is clearly indicated in Arist. Phi/s, Auscult. 
1. 4, p. 187, Bekk. (Compare Brandisin the Rhein, Musewn 
für Philologie^ Jahrg. iii. s. 105.) 
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homogeneous particles of which matter is composed. Hie 
world^arranging Intelligence (vow) controls the conHniumslt/ 
processing formation of the world, and is the primary source 
of all motion, and therefore of all physical phenomena. Anax- 
agoras explains the apparent movement of the heavenly bodies 
£rom east to west by the assumption of a centrifiigal force," 
on the intermisMon of which, as we have already observed, 
the fall of meteoric stones ensues. This hypothesis indicates 
the origin of those theories of rotatory motion which more 
than two thousand years afterwards attained consider- 
able cosmical importance from the labours of Descartes, 
Huygens, and Hooke. It would be foreign to the present 
work, to discuss* whether the world-arranging Intelligence of 
the philosopher of Clazomenee indicates" the godhead itself, or 
the mere pantheistic notion of a spiritual principle animating 
all nature. 

In striking contrast with these two divisions of the Ionic 
school, is the mathematical symbolism of the Pythagoreans, 
which in like manner embraced the whole universe. Here, 
in the world of physical phenomena cognizable by the senses, 
the attention is solely directed to that which is normal in 
configuration (the five elementary forms), to the ideas of 

, I - ^^^— ^— ^^— ^^■^— ^^^^^— ^^^^-^^^-^-^^— ■* -.— --■- ■■■[■■■I I II III ■ MMIMM ■ ^ . , I _ _ 

" Cosmos, vol. i. pp. 122, 123, (note), and vol. ii. p. 690 
(and note). Simplicius, in a remarkable passage, p. 491, 
most distinctly contrasts the centripetal with the centrifugal 
force. He there says, " the heavenly bodies do not fall in 
consequence of the centrifugal force being superior to the 
inherent falling force of bodies and to their downward ten- 
dency." Hence, Plutarch in his work, De facte inorheLunce, 
p. 923, compares the moon, in consequence of its not falling 
to the earth, to " a stone in a sling." For the actual signifi- 
cation of the »Tfptx^P'?*'"*^ of Anaxagoras, compare Schaubach in 
Anaxag, Clatmn, Fragm. 1827, pp. 107-109. 

» Schaubach, Op, dt. pp. 151-156, and 185-189. Plants 
are likewise said to be animated by the intelligence, yoi/sj 
Aristot. de Plant i. p. 815, B^kk. 
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nomfoers, measure, harmony, and contrarieties. Things aze 
reflected in nmnbers^hich are, as it were, an imitatiye repre- 
sentation (fi/fti/ons) of them. Hie boundless capacity for repe- 
tition, and the iUimitability of numbers, is typical of the cha- 
racter of eternity and of the infinitude of nature. The essence 
of things may be recognized in the form of numerical rela- 
tioiis: their alterations and metamorphoses as numerical 
• combinations. Plato, in his Physics, attempted to refer the 
nature of all substances in the imiverse, and their different 
stages of metamorphosis, to corporeal forms, and these again 
to the simplest triangular plane figures.^^ But in reference 
to idtimate principles (the elements, as it were, of the 
elements), Plato exclaims, with modest diffidence, *'God 
alone, and those whom he loves among men, know what 
they are." Such a mathematical mode of treating physical 
phenomena, tc^ther with the deyelopment of the atomic 
theory, and the philosophy of measure and harmony, have 
long obstructed the development of the physical sciences, and 
misled faneiM inquirers into devious tracks, as is shown in 
the history of the physical contem^ation of the imiverse. 
"There dwells a captivating charm, celebrated by all anti- 
quity, in the simple relations of time and space, as manifested 
in tones, numbers, and lines."" 

The idea of the harmonious government of the universe 
reveals itself in a distinct and exalted tone throughout the 
writings of Aristotle. All the phenomena of nature are de- 
picted in the Phydcal Lectures (Auscultationes Physic(B) as 
moving, vital agents of one general cosmical force. Heaven and 

** Compare on this portion of Plato's mathematical physics, 
3Öckh De phtonico syst. ccBlestium globorum, 1810 et 1811; 
Martin, Etudes sur le Tim^e, tom. ii. pp. 234-242; and 
Brandis in the Geschichte der Ortechisch-Römischen Philo- 
sophie, Th. ü. Abth. i. 1844, § 375. 

" Cosmos, vol. ii. p. 736, note; compare also Gruppe 
Ueher die Fragmente des Archytas, 1840, s. 33. 
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nature, (the telluric sphere of phenomena,) depend upon the 
" unmoved motus of the imiverse." *• The " ordainer" and the 
idtimate cause of all sensuous changes must be regarded as 
something non-sensuous and distinct from all matter." Unity 
in the different expressions of material force is raised to the 
rank of a main principle, and these expressions of force are 
themselves always reduced to motions. Thus we find already 
in "the book of the soul"*® the germ of the undulatory 
theory of light. The sensation of sight is occasioned by a 
vibration — a movement of the medium between the eye and 
the object seen — and not by emissions from the object or 
the eye. Hearing is compared with sight, as sound is like- 
wise a consequence of the vibration of the air. 

Aristotle, while he teaches men to investigate generalities 
in the particulars of perceptible unities, by the. force of 
reflective reason, always includes the whole of nature, and 

*^ Ai-istot. Polit. vii. 4, p. 1326, and Metoph. xii. 7, p. 
1072, 10 Bekk. and xii. 10, p. 1074-5. The pseudo- 
Aristotelian work de Mundo, which Osann ascribed to Chry- 
sippus (see Cosmos, vol. ii. p. 380) also contains (cap. 6, 
p. 397) a very eloquent passage on the world-orderer and 
world'SUstainer. 

*^ The proofs are collected in Ritter, History of Philosophy 
(Bohn, 1838-46), Vol. 3, p. 180 et seq. 

" Compare Aristot. de Anima, ii. 7 pag. 419. In this 
passage the analogy with sound is most distinctly expressed ; 
although in other portions of his writings Aristotle has greatly , 
modified his theory of vision. Thus in de Insomniis, cap. 2, 
p. 459, Bekker., we find the following words : — " It is evident 
that sight is no less an active than a passive agent, and that 
vision not only experiences some action from the air (the me- 
dium), but itself also acts upon the medium." He adduces in 
evidence of the truth of this proposition, that a new and very 
pure metallic mirror will, under certain conditions, when 
looked at by a woman, retain on its surface cloudy specks 
that cannot be removed without difficulty. Compare also 
Martin, Etudes sur le Timee de Platon, tom. ii. pp. 159-163. 
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the internal connexion not only of forces, but also of organic 
forms. In his book on the parts (organs) of animals, he clearly 
intimates his belief that throughout all animate beings there 
is a sqale of gradation, in which they ascend from lower 
to higher forms. Nature advances in an uninterrupted pro- 
gressiye course of development, from the inanimate or '' ele- 
mentary" to plants and animals ; and " lastly, to that which, 
though not actually an animal, is yet so nearly allied to one, 
that on the whole there is little difference between them."" 
In the transition of formations, '' the gradations are almost 
imperceptible."*® The unity of nature was to the Stagiritc 
the great problem of the Cosmos. " In this imity," he 
observes, with singular animation of expression, " there is 
nothing unconnected or out of place, as in a bad tr^edy." '^ 
The endeavour to reduce all the phenomena of the universe 
to one principle of explanation, is manifest throughout the 
physical works of this profound philosopher and accurate ob- 
server of nature ; but the imperfect condition of science, and 
ignorance of the mode of conducting experiments, i.e., of calling 
forth phenomena imder definite conditions, prevented the com- 
prehension of the causal connection of even small groups of phy. 
sical processes. All things were reduced to the ever-recurring 

" Aristot. de partibus Anim., lib. iv. cap. 5, pag. 681, 
lin. 12. Bekker. 

^ Aristot. Hist, Anim., lib. ix., cap. 1, pag. 588, lin. 10-24. 
Bekker. When any of the representatives of the four ele- 
ments in the animal kingdom on our globe fail, as for instance 
those which represent the element of the purest fire, the 
intermediate stages may perhaps be found to occur in the 
moon (Biese, Die Phil, des Aristoteles, bd. ii. s. 186). It is 
singular enough, that the Stagiritc should seek in another 
planet those intermediate ' links of the chain of organised 
beings which we find in the extinct animal and vegetable 
forms of an earlier world. 

" Aristot. Metaph, lib. xiii. cap. 3, pag. 1090, lin. 20, 
Bekker. 
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contrasts of beat and cold, moisture and dryness, primary density 
and rarefaction — even to an evolution of alterations in the or- 
ganic world by a species of inner division (antiperistasis) wbich 
reminds us of tbe modem bypotbesis of opposite polarities and 
tbe contrasts presented by + and — .^ Tbe so-called solutions 
of tbe problems only reproduce tbe same facts in a disguised 
form, and tbe otberwise vigorous and concise style of tbe 
Stagirite degenerates in bis explanations of meteorolc^cai 
or optical processes, into a self-complacent difiuseness and a 
somewbat Hellenic verbosity. As Aristotle's inquiries were 
directed almost exclusively to motion, and sddom to differ- 
ences in matter, we find tbe fundamental idea, tbat all tellurio 
natural pbenomena are to be ascribed to tbe impulse of tbe 
movement of tbe beavens — ^tbe rotation of tbe celestial spbere 
— constantly recurring, fondly cberisbed and fostered,® but 
never declared witb absolute distinctness and certainty. 

® Tbe avTiirepiaraa-is of Aristotle plays an important part in 
all bis explanations of meteorological processes ; so also in tbe 
works de generatione et interitu, lib. ii. cap. 3, p. 330 : in tbe 
Meteor ologicis, lib. i. cap. 12, and lib. iii. cap. 3, p. 372, and 
in tbe Froblema (lib. xiv. cap. 3, lib. viii, no. 9, p. 888, and 
lib. xiv. no. 3, p. 909,) wbicb are at all events based on 
Aristotelian principles. In tbe ancient polarity bjrpotbesis 
Kar dpTiirepicrraa-iv similar conditions attract eacb otber, and 
dissimilar ones (+ and — ) repel eacb anotber in opposite 
directions. (Compare Ideler, Meteor ol. veterum Grrac. et Rom, 
1832, p. 10.) Tbe opposite conditions instead of being 
destroyed by combining together, ratber increase tbe tension. 
Tbe yfvxp^v increases tbe depfMv ; as inversely *' in tbe for- 
mation of bail tbe sun*ounding beat makes tbe cold body 
still colder as tbe cloud sinks into warmer strata of air.'* 
Aristotle explains by bis antiperistatic process and tbe 
polarity of beat, wbat modem pbysics bave taugbt us to refer 
to conduction, radiation, evaporation, and changes in tbe 
capacity of beat. See tbe able observations of Paul Erman in 
tbe AbhandL der Berliner Akademie auf das Jahr. 1825, s. 128. 

^ " By the movement of tbe heavenly spbere, all tbat is 
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The impulse to which I refer, indicates only the com- 
mimication of motion as the cause of ail terrestrial phe- 
nomena. Pantheistic views are excluded; the Godhead 
is considered as the highest *' ordering imity, manifested 
in all parts of the universe, defining and determining the 
nature of all formations, and holding together all things as an 
absolute power.*' ^ The main idea and these teleological 
views are not applied to the subordinate processes of inor- 
ganic or elementary nature, but refer specially to the higher 
oa^anizations ^ of the animal and vegetable world. It is 
worthy of notice, that in these theories, the Godhead is 
attended by a number of astral spirits, who (as if acquainted 
with perturbations and the distribution of masses) main- 
tain the planets in their eternal orbits.* The stars here 

imstable in natural bodies, and all terrestrial phenomena are 
produced." Aristot. Meteor, i. 2, p. 339, and de gener, et 
corrupt, ii. 10, p. 336. 

** Aristot. de Goelo, lib. i. c. 9, p. 279, lib. ii. c. 3, p. 286 ; 
lib. ii. c. 13, p. 292. Bekker. (Compare Biese, bd. i. 8.352-1, 
357.) 

^ Aristot. Fhys, Auscult. lib. ii. c. 8, p. 199 ; de Anima, 
lib. iii. c. 12, p. 434; de Animal, general, lib. v. c. 1, p. 778. 
Bekker. 

*• See the passage in Aristot. Meteor, xii. 8, p. 1074, öt 
which there is a remarkable elucidation in the Commentary of 
Alexander Aphrodisiensis. The stars are not inanimate bodies 
but must be regarded as active and living beings. (Aristot. 
de Ccelo, lib. ii. cap. 12, p. 292.) lliey are the most 
divine of created things ; rä Bei^repa r&v <pav€pS>v, Aristot. 
de Coelo, lib. i. cap. 9, p. 278, and lib. ii. cap. 1, p. 284.) In the 
small pseudo-Aristotdian work, de Mundo, which frequently 
breathes a religious spirit in relation to the preserving 
almightiness of God, (cap. 6, p. 400,) the high aether is also 
called divine» (cap. 2, p. 392). That which the imaginative 
Kepler calls moving spirits (anima motrices) in his work,. 
Mysterium cosmographicum{(ia.]^. 20, p. 71) is the distorted idea 
of a force {virtus), whose main seat is in the sun {anima 
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reveal the image of the divinity in the visible world. 
We do not here refer, as its title might lead to suppose, to 
the little pseudo-Aristotelian work, entitled the " Cosmos," 
undoubtedly a Stoic production. Although it describes the 
heavens and the earth, and oceanic and aerial currents, with 
much truthfulness, and frequently with rhetorical animation 
and picturesque colouring, it shows no tendency to refer 
cosmical phenomena to general physical principles based on 
the properties of matter. 

I have purposely dwelt at length on the most brilliant 
period of the Cosmical views of antiquity, in order to contrast 
the earliest efforts made towards the generalization of ideas, 
with the efforts of modem times. In the intellectual movement 
of centuries, whose influence on the extension of Cosmical 
contemplation has been defined in another portion of the 
present work, ^ the close of the thirteenth and the beginning 
of the fourteenth century were specially distinguished ; but 
the Opus majus of Roger Bacon, the Mirror of Nature 
of Vincenzo de Beauvais, the Physical Geography {Liber 
cosmographicus) of Albertus Magnus, the Picture of the 
World {Imago Mundt) of Cardinal Petrus d'Alliaco (Pierre 
d'Ailly) are works, which, however powerfully they may 
have influenced the age in which they were written, do not 
fulfil by their contents the promise of their titles. Among 
the Italian opponents of Aristotle's physics, Bernardino 
Telesio of Cosenza is designated the founder of a rational 
science of nature. All the phenomena of inert matter are con- 
sidered by him as the effects of two incorporeal principles (agen- 
cies or forces) — ^heats^i^ cold. All forms of organic life — " ani- 

mundt), and which is decreased by distance, in accordance 
with the laws of light, and impels the planets in elliptic orbits. 
(Compare Apelt, Epochen der Gesch, der Menschheit, bd. 1, 
8. 274.) 

^ Cosmos, vol. ii. p. 615-625. 
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mated*' plants and animals — are the effect of these two erer 
divided forces, of which the one, heat, specially appertains to 
the celestial, and the other, cold, to the terrestrial sphere. 

With yet more unbridled fancy, but with a profound spirit of 
enquiry, Giordano Bruno of Nola attempted to comprehend 
the whole imiverse, in three works,* entitled. De la causa 
Principto e Uno; Contemplationi circa lo Infinito, Universo 
e Mondi innumerahilt; and De Minimo et Maximo, In the 
natural philosophy of Telesio, a contemporary of Copemi« 
cus, we recognise at all events the tendency to reduce the 
changes of matter to two of its fundamental forces, which, 
although " supposed to act from without," yet resemble the 
fundamental forces of attraction and repulsion in the dyna- 
mic theory of nature of Boscovich and Kant. The cosmical 
views of the philosopher of Nola are purely metaphysical, and 
do not seek the causes of sensuous phenomena in matter 
itself, but treat of " the infinity of space, filled with self-illu- 
mined worlds, of the animated condition of those worlds, and 
of the relations of the highest intelligence — God — ^to the 
universe." 

Scantily endowed with mathematical knowledge, Giordano 
Bruno continued nevertheless to the period of his fearful mar- 
tyrdom^ an enthusiastic admirer of Copernicus, Tycho Brahe, 

* Compare the acute and learned commentary on the works 
of the Philosopher of Nola in the treatise, Jordano Bruno par 
Christian Bartholm^ss, tom. ii. 1847, pp. 129, 149, and 201. 

** He was burnt at Rome on the 17th of February, 1600, 
pursuant to the sentence ''ut quam clementissime et 
citra sanguinis effusionem puniretur." Bruno was imprisoned 
six years in the PiomW, at Venice, and two years in the In- 
quisition at Rome. When the sentence of death was an- 
noimced to him, Bruno, calm and immoved, gave utterance to 
the following noble expression, '< Majori forsitan cum timore 
sententiam in me fertis quam ego accipiam." When a fugitive 
from Italy, in 1580, he taught at Geneva, Lyons, Toidouse, 

VOL. III. c 
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and Kepler. He was contemporary with Galileo, but did 
not live to see the inyentioa of the telescope by Hans lipper- 
shey and Zacharias Jansen, and did not therefore witness 
the discovery of the " lesser Jupiter world," the phases of 
Venus, and the nebulas. With bold confidence in what he . 
terms the lume intemo, ragione naturale, altezza ddV inUlletto 
(force of intellect),, he indulged in happy coi\jectures re- 
garding the moTcment of the fixed stars, the planetary 
nature of cometa, and the deviation from the spherical form 
observed in the figure of the earth. ^ Greek antiquity is 
also replete with uranological presentiments of this nature;, 
which were realised in lat^ times. 

In the development of thought on cosmical relations, of which 
the main forms and epochs have been already enumerated, Kep- 
ler approached the nearest to a mathematical application of the 
thecory of gravitation, more than seventy-eight years before the 
appearance of Newton's immortal work, Prtndpia PhilosophuB 
Naturalis* For while the eclectic Simplicius only expressed in 
general terms *' that the heavenly bodies were sustainedfrom &11- 
ing in consequence of the centrifugal force being superior to the 
inherent ffdling force of bodies and to the downward traction ;" 
while Joannes Philoponus, a disciple of Ammonius Hermeas, 



Paris, Oxford, Marbui^, Wittenberg (which he calls the 
Athens of Germany), Prague, and Helmstedt, where, in 1589, 
he completed the scientific instruction of Duke Henry Julius 
of Brunswick- Wolfenbüf^l. Bartholm^ss, tom. i. pp. 167 
-178. He also .taught at Padua subsequently to 1592. 

^ Bartholm^ss, tom. ii. pp. 219, 232, 370. Bruno carefully 
collected all the separate observations made on the celestial 
phenomenon of the sudden appearance, in 1572, of a new star 
in Cassiopeia. Much discussion has been directed in modern 
tjmes to the relation existing between Bnmo, his two 
Cal^rian fellow-countrymen, Bernardino Telesio and Thomas 
Canipanella, and the platonic cardinal» Nicolaus Krebs of 
Cusa ; see Oosmos, p. 691, note. 
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ascribed the movement of tbe celestial bodies to " a primitive 
impulse, and the continued tendency to fall ; '* and while, 
as we have already observed, Copernicus defined only the 
general idea of gravitation, as it acts in the sun, as the centre of 
the planetary world, in the earth and in the moon, using these 
memorable words, *' Gravitatem non aliud esse quam appe- 
tentiam quandam naturalem partibus inditam a divina provi« 
dentia opificis universorum, ut in tmitatem integritatemque 
suam sese conferant, in formam globi coeuntes ;" Kepler in 
his introduction to the book. De Stella MarHs^^vrvA the first 
who gave numerical calculations of the forces of attraction 
reciprocal)^ exercised upon each other, according to their rela- 
tive masses, by the earth and moon. He distinctly adduces the 
tides as evidence ^ that the attractive force of the moon f virtus 

*^ '* Si duo lapides in aliquo loco Mundi coUocarentur pro- 
pinqui invicem, extra orbem virtutis tertii cognati corporis ; 
iUi hipides ad similitudinem duonmi Magneticoruvi corporum 
coirent loco intermedio, quilibet accedens ad alterum tanto 
intervallo, quanta est alterius ntoles in comparatione. Si luna 
et terra non retinerentur vi animali (!) aut alia aliqua 
ffiquipoUente, quaalibet in suo circuitu. Terra adscenderet ad 
liunam quinquagesima quarta parte intervalli, Luna descen- 
deret ad Terram quinqua^inta tribus circiter partibus inter* 
valli ; ibi jungerentur, posito tarnen quod substantia utriusque 
sit unius et ejusdem densitatis." Kepler, Astronomia nova^ 
eeu Phyeica ccdesHs de Motibus SteUte Mortis, 1609. Introd, 
fol. v. On the older views regarding gravitation, see Cosmos^ 
vol. ii. p. 691. 

" " Si Terra cessaret attrahere ad se aquas suas, aqua 
marinsB omnes elevarentur et in corpus Limee infiuerent. 
Orbis*" virtutis tractoorisB, quad est in Lima, porrigitur usque ad 
terras, et proleotat aquas quacimque in verticem loci incidit 
sub Zonam torridam, quippe in occursum suum quacunque in 
verticem loei incidit, insensibiliter in maribus inclusis, sensit 
biliter ibi ubi sunt latissimi alvei Oeeani propinqur, aquisque' 
spaciosa reciprocationis libertas." (Kepler, 1. c.) *' Undas a 
Luna trahi ut ferrum a Magnete." .... Kepleri Harmomce 

c2 
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tractoria) extends to the earth ; and that this force, similar to 
that exerted by the magnet on iron, would deprive the earth 
of its water if the former should cease to attract it. Unfor- 
tunately this great man was induced ten years afterwards, in 
1619, probably from deference to Galileo, who ascribed the 
ebb and flow of the ocean to the rotation of the earth, to re- 
nounce his correct explanation, and depict the earth in the 
Harmonice Mundi as a living monster, whose whale-like mode 
of breathing occasioned the rise and fall ' of the ocean in re- 
curring periods of sleeping and waking, dependant on solar 
time. When we remember the mathematical acumen that 
pervades one of the works of Kepler, and of which Laplace has 
already made honourable mention,^ it is to be lamented that 
the discoverer of the three great laws of all planetary motion 
should not have advanced on the path whither he had been led 
by his views on the attraction of the masses of cosmical bodies. 

Mündig libri quinque, 1619, lib. iv. cap. 7, p. 162. The same 
work which presents us with so many admirable views, amoi^ 
others, with die data of the establishment of the third law (that 
the squares of the periodic times of two planets are as the 
cubes of their mean distances), is distorted by the wildest 
flights of fancy on the respiration, nutrition, and heat of the 
earth-animal^ on the soul, memory {memoria anima Terrai)^ 
and creative imagination {anim<B Telluris imaginatio) of this 
monster. This great man was so wedded to these chimeras, 
that he warmly contested his right of priority in the views 
regarding the earth-animal^ with the mystic author of the 
Macrocosmos^ Elobert Fludd, of Oxford, who is reported to have 
participated in the invention of the thermometer. {Harm, 
Mundij p. 252.) In Kepler's writings, the attraction of masses 
is often confounded with magnetic attraction. *' CorpuS soHs 
esse magneticum. Virtutem, quae Planetas movet, residere 
in corpore soUs.'' Stella Martis, pars iiic cap. 32, 34. To 
each planet was ascribed a magnetic axis, which constantly 
pointed to one and the same quarter of the heavens. ( Apelt, 
Joh. Kepler^ 8 astron, Weltansicht, 1849, s. 73. 
, * Compare Cosmos, p. 710 (and note). 
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Descartes, who was endowed with greater versatiKty of 
physical knowledge than Kepler, and who laid the foundation 
of many departments of mathematical physics, undertook to 
comprise the whole world of phenomena, the heavenly sphere 
and all that he knew concerning the animate and inanimate 
parts of terrestrial nature, in a work entitled Traiti du Monde, 
and also Summa Philosophic, The organisation of animals, and 
especially that of man — a subject to which he devoted the 
anatomical studies of eleven years'* — ^was to conclude the 
work. In his correspondence with Father Mersenne, we 
frequently find him complaining of his slow progress, and of the 
difficulty of arranging so large a mass of materials. The Cosmos 
which Descartes always called " his world," (son monde) was 
at length to have been sent to press at the close of the year 
1633, when the report of the sentence passed by the Inquisition 
at Rome on Galileo, which was first made generally known four 
months afterwards, in October, 1633, by Grassendi and 
Bouillaud, at once put a stop to his plans, and deprived pos- 
terity of a great work, completed with much pains and infinite 
care. The motives that restrained him from publishing the 
Cosmos were, love of peaceful retirement in his secluded 
abode at Deventer, and a pious desire not to treat irreveren- 
tially the decrees pronounced by the Holy Chair, against the 
planetary movement of the earth.** In 1664, fourteen years 
after the death of the philosopher, some fragments were first 
printed under the singular title of Le Mo7ide^ ou Traite de la 
Lumikre,^ The three chapters which treat of light, scarcely, 

** See Za Vie de M, Descartes, (par Baillet) 1691, P. 1, 
p. 197, and CEuvres de Descartes, publikes par Victor Cousin, 
torn. i. 1824, p. 101. 

^ Lettres de Descartes au P, Mersenne, «?w 19 Nov. 1633, 
et du 5 Janvier 1634. (Baillet, P. 1. pp. 244-247.) 

*• The Latin translation bears the title, Mtindus sive Dis- 
sertatio de Lumine ut et de aliis Sensuum Ohjectis primariis. 
See Descartes, Opuscula posthwna physica et mathematica, 
Amst. 1704. 
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however, constitute a fourth part of the work ; whilst those 
sections which originally belonged to the Cosmos of Descartes, 
and treated of the movement of the planets, and their distance 
from the sim, of terrestrial magnetism, the ebb and flow of the 
ocean, earthquakes, and volcanoes, have been transposed to 
the third and fourth porticms of the celebrated work, Prineip^s 
de la Philosophie. 

Notwithstanding its ambitious titlü, the Cosmotheoros of 
Huygens, which did not appear tül after his death, scarcely 
deserves to be noticed in this enimieration of cosmological 
efforts. It consists of the dreams and fancies of a great 
man on the animal and vegetable worlds, of the most 
remote cosmical bodies, and especially of the modificationa 
of form which the human race may there present. The reader 
might suppose he were perusing Kepler's Sommum Astroruh- 
nucum, or Kircher's Iter ExUUums, As Huygens, like the 
astronomers of our own day, denied the presence of air and 
water in the moon,*^ he is much more embarrassed regarding 

^ " Limam aquis carere et aere : Marimn similitudinem 
in Luna nuUam reperio. Nam regiones planas quee montosi» 
multo obscuriores sunt, quasque vulgo pro maribus haberi 
video et oceanorum nominibus insigniri, in his ipsis, 
longiore telescopio inspectis, cavitates exiguas inesse com- 
perio rotundas, umbris intus cadentibus; quod maris 
superficiei con venire nequit; turn ipsi campi illi latiores 
non prorsus esquabilem superficiem prseferunt, cum diligen» 
tins eas intuemur. Quod circa maria esse non possimt, sed 
materia constare debent minus candicante, quam quae est 
partibus asperioribus in quibus rursus quaedam viridiori 
lumine ceateras praedellunt." Hugenti Cosmotheoros, ed. alt. 
1699, lib. 11, p. 114. Huygens conjectures however that 
Jupiter is agitated by much wind and rain, for " ventorum 
flatus ex ilia nubium Jovialium mutabili facie cognoscitur,'' 
(lib. i. p. 69). These dreams of Huygens, regarding the 
inhabitants of remote planets, so imworthy of a man versed 
in exact mathematics, have, unfortunately, been revived by 
Emanuel Kant, in his admirable work Allgemeine Naturge*- 
schichte und Theorie des Himmels, 1755 (s. 1 73-192). 
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the existence of inhabitants in the moon, than of those in 
the remoter planets, which he assumes to be ** snrroanded with 
vapours and clouds." 

The immortal author of the PkilosophuB NaturaU» Prine^fia 
Mathemattca (Newton) succeeded in embraoing the whole 
uranological portion of the Cosmos in the causal connexion of 
its phenomena, by the assumption of one all*-controUing ftm* 
damental moving force. He first applied physical astronomy 
to solve a great problem in mechanics, and elevnted it to the 
rank of a mathematical science. The quantity of matter in 
every celestial body gives the amount of its attracting force ; a 
force which acts in an inverse ratio to the square of the distance) 
and determines the amount of the disturbances, which not only 
the planets but all the bodies in celestial space exercise on 
each other. But the Newtonian theory of gravitation, so 
worthy of our admiration from its simplicity and generality^ 
is not limited in its cosmical application to the uranological 
sphere, but comprises also telluric phenomena, in direclions 
not yet fuUy investigated ; it affords the clue to the periodic 
movements in the ocean and the atmosphere ; ^ and solves the 
problems of capillarity, of endosmosis, and of many chemi* 
cal, electro-magnetio, and organic processes. Newton ,^^ 
even distinguished the attroötion of masses^ as manifested in 
the motion of cosmical bodies and in the phenomena of 

^ See Laplace {des oscillations de VatmospMre, du flu« 
solaire et lunodre) in the Micaniqus Cileste, livre iv. and in the 
Exposition du Sytt, du Monde, 1824, pp. 291-296. 

^ Adjicere jam licet de spiritu quodfun subtilissimo corpora 
crassa pervadente et in iisdem latente, cujus vi et aotionibus 
particTuse corporum ad minimas distantias se mutuo aitrahunt 
et contiguas factas cohaerent. Newton, Principia Phil, Nat, 
(ed. Le Sueur et Jacquier, 1760) Sohol. gen., t. üi. p. 676, 
compare also Newton's Opticks, (ed. 1718). Query 31, pp. 
305, 353, 367, 372. (Laplace, ayst, du Monde, p. 384, and 
Cosmos, p. 44.) 
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tlie tides, from molecular attraction, which acts at infinitely 
small distances and in the closest contact. 

Thus we see that among the various attempts which have been 
made to refer whatever is imstable in the sensuous world to 
a single fundamental principle, the theory of gravitation is the 
most comprehensive and the richest in cosmical results. It 
is indeed true, that notwithstanding the brilliant progress that 
has been made in recent times in stcechiometry (the art of 
calculating with chemical elements and in the relations of 
volume of mixed gases) all the physical theories of matter have 
not yet been referred to mathematically-determinable prin- 
ciples of explanation. Empirical laws have been recognized, 
and by means of the extensively diffused views of the atomic 
or corpuscular philosophy, many points have been rendered 
more accessible to mathematical investigation ; but owing to the 
unbounded heterogeneousness of matter and the manifold con- 
ditions of aggregation of particles, the proofs of these empirical 
laws cannot as yet by any means be developed from the theory 
of contact-attraction, with that certainty which characterizes 
the establishment of Kepler's three great empirical laws derived 
from the theory of the attraction of masses or gravitation. 

At the time, however, that Newton recognized all move- 
ments of the cosmical bodies to be the results of one and 
the same force, he did not, like Kant, regard gravitation as an 
essential property of bodies ;*° but considered it either as the 

^ Hactenus phsenomena ccelorum et maris nostri per vim 
gravitatis exposui, sed causam gravitatis nondmn assignavi. 
Oritur utique hsec vis a causa aliqua, quae penetrat ad usque 
centra solis et planetarum, sine virtutis diminutione ; quaeque 
agit non pro quantitate superficierum particularum, in quas 
agit (ut Solent causeB mechanics), sed pro quantitate materisD 
flolidse. — Rationem harum gravitatis proprietatum ex phee- 
nomenis nondum potui deducere et hypotheses non fingo. 
Satis esc quod gravitas re vera existat et agat secundum leges 
a nobis expositas. Newton, Prtncipia Phil, Nat., p. 676. 
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result of some higher and still unknown power, or of '' the 
centrifugal force of the aether, which fills the realms of space, 
and is rarer within bodies, but increases in density outwards. 
The latter view is set forth in detail in a letter to Robert 
Boyle*^ (dated February 28, 1678), which ends with the 

" To tell us that every species of things is endowed with an 
occult specific quality, by which it acts and produces manifest 
effects, is to tell us nothing; but to derive two or three general 
principles of motion firom phenomena, and afterwards to tell 
us how the properties and actions of all corporeal things follow 
from those manifest principles, would be a very great step in 
philosophy, though the causes of those principles were not yet 
discovered : and therefore I scruple not to propose the prin- 
ciples of motion, and leave their causes to be found out.'' 
Newton's OpHch, p. 377. In a previous portion of the same 
work, at query 31, p. 361, he writes as follows : " Bodies act 
one upon another by the attraction of gravity, magnetism, and 
electricity ; and it is not improbable that there may be more 
attractive powers than these. How these attractions may be 
performed I do not here consider. What I call attraction 
may be performed by impulse, or by some other means unknown 
to me. I use that word here to signify only iu general any 
force by which bodies tend towards one another, whatsoever 
be the cause." 

** " I suppose the rarer aether within bodies, and the denser 
without them." Operum Newtoni, tomus iv. (ed. 1782, Sam. 
Horsley,) p. 386. The above observation was made in refer- 
ence to the explanation of the discovery made by Grimaldi of 
the diffraction or inflection of light. At the close of Newton's 
letter to Robert Boyle, February 1678, p. 394, he says: " I 
shall set down one conjecture more whic^ came into my mind : 
it is about the cause of gravity." .... His correspondence 
with Oldenbui^ (December 1675) shows that the great philo- 
sopher was not at that time averse to the " aether hypotheses." 
According to these views, the impulse of material Light causes 
the aether to vibrate ; but the vibrations of the aether alone, 
which has some affinity to a nervous fluid, does not generate 
light. In reference to the contest with Hooke, consult 
Horsley, t. iv. pp. 378-380. 
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words, '* I seek the cause of gravity in the sBther." "Eight 
years afterwards, as we learn from a letter he wrote to Halley, 
Newton entirely relinquished this hypothesis of the rarer and 
denser »ther .^ It is especially worthy of notice that in 1717, 
nine years before his death, he should have deemed it necesswy 
expressly to state in the short preface to the second edition of 
his Optics, that he did not by any means consider gravity as 
an " essential property of bodies";** whilst Gilbert, as early 

* See Brewster's Life of Sir Iscmo Newton^ pp. 303-305. 

** Newton's words "not to take gravity for an essential 
property of bodies" in the " Second Advertisement" contrast 
with his remarks on the forces of attraction and repulsion^ 
which he ascribes to a// molecular particles, in order, according 
to the theory of emission, to explain the phenomena of the 
refraction and repulsion of the rays of light from reflecting 
surfaces " without their actual contact." (Newton, OpHcks^ 
book ii., prop. 8, p. 241, and Brewster, Op. et/., p. 301.) 
According to Kant, (see Die Metaphysischen Anfangsgründe 
der Naturwissenschafly 1800, s. 28,) we cannot conceive th^ 
existence of matter without these forces of attraction and re- 
pulsion. All physical phenomena are therefore reduced by 
him, as previously by Goodwin Knight {PhUas. Transact. 
1748, p. 264), to the conflict of two elementary forces. In ' 
the atomic theories which were diametrically opposed to 
Kant's dynamic views, the force of attraction was referred, in 
accordance with a view specially promulgated by Lavoisier, 
to the discrete solid elementary molecules of which aU bodies 
are supposed to consist; whüe the force of repulsion was 
attributed to the atmospheres of heat surrounding aU element- 
ary corpuscles. This hypothesis, which regards the so-called 
caloric as a constantly expanded matter, assumes the existence 
of two elementary substances, as in the mythical idea of two 
kinds of aether. (Newton, Opttcks, query 28, p. 839.) Here 
the question arises, what causes this caloric matter to expand ? 
Considerations on the density of molecules in comparison 
with that of their aggregates (the entire body) lead, according 
to atomic hypotheses, to the result, that the distance between 
elementary corpuscles is far greater than their diameters. 
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as 1600, regarded magnetism as a force inherent in all matter* 
So nndetermined was eyen Newton, the profound and e^>e« 
Tienced thinker, regarding the *' ultimate mechanical cause" 
of all motion. 

It is indeed a brilliant effort, worthy ci£ the himum mind» to 
comprise, in one organic whole, the entire science of nature frooft 
the laws of gravity to the formatiye impulse (nisus formatiyus) 
in animated bodies; but the present imperfect state of many 
branches of physical science offers innumerable difficulties to 
the solution of such a problem. The imperfectibility of att 
empirical science, and the boundlessness of the sphere of obser^ 
yation, render the task of egplaining the focees of mattar 
by that which 18 Triable in «atter. an imp«eticable one. 
What has been already perceived by no means exhausts that 
which is perceptible. If, simply referring to the progress ai 
science in modem times, we compare the imperfect physical 
knowledge of Gilbert, Robert Boyle, and Hales, with that of 
the present day, and remember that every few years are 
characterized by an increasing rapidity of advance, we shall 
be better able to imagine the periodical and endless changes 
which all physical sciences are destined to undergo. New 
substances and new forces will be discovered. 

Although many physical processes, as those of light, heat 
and electro-magnetism, have been rendered accessible to a 
mathematical investigation, by being reduced to motion or 
vibrations, we are still without a solution to those often mooted 
and perhaps insolvable problems : the cause of chemical 
di£SBrences of matter; the apparently irregular distribution of 
the planets in reference to their size, density, the inclination 
of their axes, the eccentricity of their orbits, and the num- 
ber and distance of their i^atellites ; the configuration of con- 
tinents, and the position of their highest mountain chains. 
Those relations in space, which we have referred to merely 
by way of illustration, can at present be regarded only as 
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•omethii^ existiiig in nature, as a £9M:t, but iHiich I cannot 
AHngwa»4> as merely causal, because their causes and mutual 
comiection luiTe not yet been disoorered. They are the result 
of occurrences in the realms of space coctsI with the for- 
mation d our planetary system, and of geognostic processes 
in the uj^ieayal of the outer strata of the earth into continents 
and mountain chains. Our knowledge of the primeval ages 
of the world's physical history does not ei^tend sufficiently far 
to aDow of our depicting the present condition of things as 
one of development.^ 

Whererer the causal connection between phenomena has 
not yet been fully recognized, the doctrine of the Cosmos, or the 
ph3rsical description of the universe, does not constitute a 
distinct branch €i physical science. It rather embraces the 
whole domain of nature, the phenomena of both the celestial 
and terrestial spheres — but embraces it only under the 
single point of view of efforts made towards the knowledge 
<^ the universe as a whole.^ As in the " exposition of past 
events in the moral and political world, the historian^ can only 
divine the plan of the government of the world, according 
to human views, through the signs which are presented to him, 
and not by direct insight ;" so also the enquirer into nature, 
in his investigation of cosmical relations, feels himself pene- 
trated by a profound consciousness that the fruits hitherto 
yielded by direct observation and by the careful analysis of 
phenomena, are far from having exhausted the number of 
impelling, producing, and formative forces. 

** Co9mos, pp. 79-82. 

** Op. cit. pp. 36, 38-44. 

** Wilhelm von Humboldt, Gesammelte Werke, bd. i. s. 23. 
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A. 

BEST7LTS OF OBSEEVATIONS IN THE UEJLNOLOGICAL PORTION 
OF THE PHYSICAL DESCRIPTION OP THE WORLD. 

We again commence with the depths of cosmical space, and 
the remote sporadic starry systems, which appear to te- 
lescopic vision as faintly shining nehdtB, From these we 
gradually descend to the double stars, revolving round one 
common centre of gravity, and which are frequently bi- 
coloured, to the nearer starry strata, one of which appears 
to enclose our own planetary system; passing thence 
to the air-and-ocean-girt terrestrial spheroid which we 
inhabit. We have already indicated in the introduction to the 
General Delineation of Nature^ that this arrangement of ideas is 
alone suited to the character of a work on the Cosmos, since 
we cannot here, in accordance with the requirements of direct 
sensuous contemplation, begin with our own terrestrial abode, 
whose surface is animated by organic forces, and pass from 
the apparent to the true movements of cosmical bodies. 

The uranohgical, when opposed to the telluric domain of 
the Cosmos, may be conveniently separated into two divisions, 
one of which comprises astrognosy^ or the region of the fixed 
stars, and the other our solar and planetary system. It is 
imnecessary here to describe the imperfect and imsatisfac- 
tory nature of such a nomenclature and such classifications. 
Names were introduced into the physical sciences before the 
differences of objects and their strict limitations were suffi- 
ciently known.' The most important point, however, is the 
connection of ideas, and the order in which the objects arc to 

* Cosmos, pp, 62-66. • Op, cit, pp. 38, 39. 
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be considered. Innoyations in the nomenclature of groups, 
and a deviation from the meanings hitherto attached to well- 
known names, only tend to distract and confuse the mind. 

Ö. ASTROGNOSY. (The Domajk op the Fixed Stabs.) 

Nothing is stationary in space. Even the fixed stars 
move, as Halley* endeavoured to shovr in reference to Sirius, 
Arcturus, and Aldebaran, and as in modem times has been 
incontrovertibly proved with respect to many others. Hie 
bright star Arotums has, during the 2100 years (since the 
times of Aristillus and Hipparchus) that it has been observed, 
changed its position in relation to the neighbouring fainter 
stars 2^ times the moon's diameter. Encke remarks ^^ that 
the star /x Cassiopeias appears to have moved 3^ lunar 
diameters, and 61 Cygni about 6 lunar diameters, if the 
ancient observations correctly indicated its position." Con- 
clusions based on analogy justify us in believing that there 
is everywhere progressive, and perhaps also rotatory motion. 
The term *' fixed stars " leads to erroneous preconception» ; it 
may have referred, in its earliest meaning among the Greeks, 
to the idea of the stars being rivetted into the crystal vault of 
heaven; or, subsequenüy, in accordance with the Roman 
interpretation, it may indicate fixity or immobility. The 
one idea involuntarily led to the other. In Grecian anti- 
quity, in an age at least as remote as that of Anaximenes of 
the Ionic school, or of Alcmeon the Pythagorean, all stars 
were 'divided into toanderm^ (Strrpa irXovw/icpo or itXum^) and 
non-toanderinp fixed stars (arXaycIr atrrtp€s or arXoprf acrrpa).^ 
Besides this generally adopted designation of the fixed stars, 



' Halley, in the Phüot. Transact, for 1717, vol. 
p. 736. 

* Pseudo-Plut, de plac. Philos., ii. 15, 16; Stob. JEclo^, 
phys.y p. 582 ; Plato in the Tinunts, p. 40. 
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which Maorobius in his Somnium Scipionis^ latinized by 
SpJuera enplanes,^ we frequently meet in Aristotle (as if he 
wished to introduce a new technical term) with the phrase 
riveäed stars, iwhfhtfUva aorpa, instead of ojrXai^,* as a desig- 
nation for fixed stars. From this form of speech arose the 
expressions of sidera infixa coßlo of Cicero, stellaa quas 
puiamus ajhas of Pliny, and astra fixa of Manilius, which 
corresponds wiüi our term fixed stars.'' This idea of fixity 
leads to the secondary idea of immobility, of persistence in 
one spot, and thus the original signification of the expressions 
infixum or affixum sidus^ was gradually lost sight of in the 
Latin translations of the middle ages» and the idea of im- 
mobility alone retained. This is already apparent in a highly 
rhetorical passage of Seneca, regarding the possibility of dis- 
covering new planets, in which he says (^Nat Qunest, yii. 24) : 
** Credis autem in hoc maximo et pulcherrimo corpore inter 
innumerabiles Stellas, qusB noctem decore yario distinguunt. 



• Macrob., Somn, Scip., i. 9-10; siellcB inerrantes, in Cicero 
de nat. Deorum^ iii. 20. 

® The principal passage in which we meet with the tech- 
nical expression epdtbtfUpa Sarpa, is in Aristot. de Coßio, ii. 8, 
p. 289, 1. 34, p. 290, 1. 19, Bekker. This altered nomenclature 
forcibly attracted my attention in my investigations into the 
optics of Ptolemy, and his experiments on refraction. Pro- 
fessor Franz, to whose philological acquirements I am indebted 
for frequent aid, reminds me that Ptolemy {Sf/ntax, vii. 1,) 
speaks of the fixed stars as affixed or rivetted; &(nr€p 
npo<nr€(l)vK6T€s. Ptolemy thus objects to the expression 
ar<l>atpa dirXavris [orhis inerrans) ; " in as far as the stars con- 
stantly preserve their relative distances they might rightly be 
termed aiikavtii ; but in as far as the sphere in which they 
complete their course, and i^ which they seem to have grown, 
as it were, has an independent motion, the designation aiikavr\5 
is inappropriate if applied to the sphere." 

' Cicero, de nat, Deorum,!, 13; Plin. ii. 6 and 24; Mani- 
lius, Ü. 35. 
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qusß aera minime yacuiim et inertem esse patiuntur, quinque 
solas esse, quibus exercere se liceat ; ceteras stare fixum et 
immobilem populum T^ '' And dost Üiou believe that in this 
so great and splendid body, amongst innumerable stars, which 
by their various beauty adorn the night, not suffering the air 
to remain void and unprofitable, that there should be only five 
stars to whom it is permitted to be in motion, whilst all the 
rest remain a fixed and immoveable multitude.*' This fixed 
and immoveable multitude is nowhere to be foimd. 

In order the better to classify the main results of actual 
observations, and the conclusions or conjectures to which they 
give rise, in the description of the universe, I will separate 
the astrognostic sphere into the following sections: — 

I. The considerations on the realms of space and the 
bodies by which they appear to be filled. 

II. Natural and telescopic vision, the scintillation of the 
stars, the velocity of light, and the photometric experiments on 
the intensity of stellar light. 

III. The number, distribution, and colour of the stars ; 
the stellar swaims, and the milky way which is interspersed 
with a few nebulae. 

IV. The newly appeared and periodically changing stars, 
and those that have disappeared. 

V. The proper motion of the fixed stars, the problematical 
existence of dark cosmical bodies ; the parallax and measured 
distance of some of the fixed stars. 

VI. The double stars, and the period of their revolution 
round a common centre of gravity. 

VII. The nebulae which are interspersed in the Magel- 
lanic clouds with nimierous stellar masses, the black spots 
(coal-bags) in the vault of heaven. 
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THE REALMS OF SPACE, AND CONJECTtTRES REGARDING THAT 
WHICH APPEARS TO OCCUPY THE SPACE INTERVENING 
BETWEEN THE HEAVENLY BODIES. 

That portion of the physical description of the universe 
which treats of what occupies the distant regions of tbc 
heavens, filling the space between the globular cosmical bodies, 
and is imperceptible to our organs, may not unaptly be 
compared to the mythical commencement of ancient history. 
In infinity of space, as well as in eternity of time, all things 
are shrouded in an uncertain and frequently deceptive twi- 
light. The imagination is here doubly impelled to draw 
from its own fuhiess, and to give outline and permanence to 
these indefinite changing forms.® This observation will, I 
trust, suffice to exonerate me from the reproach of confound- 
ing that which has been reduced to mathematical certainty, 
by direct observation or measurement, with that which is 
founded on very imperfect induction. Wild reveries belong 
to the romance of physical astronomy; yet the mind fa- 
miliar with scientific labours, delights in dwelling on sub- 
jects such as these, which, intimately connected with the 
present condition of science, and with the hopes which it 
inspires, have not been deemed unworthy of the earnest atten- 
tion of the most distinguished astronomers of our day. 

By the influence of gravitation, or general gravity, as well 
as by light and radiating heat,' we are brought in contact, as 

® Cosmos, vol. i. p. 71. (Compare the admirable observa- 
tions of Encke, Ueber die Anordn7mg des Siernsy stems, 1 844, s. 7.) 
° Cosmos, vol. i. pp. 145, 146. 

VOL. III. D 
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we may with great probability assume, not only with our own 
Sun, but also with all the other luminous suns of the firma- 
ment. The important discovery of the appreciable resistance 
which a fluid filling the realms of space is capable of oppos- 
ing to a comet having a period of revolution of five years, 
has been perfectly confirmed by the exact accordance of 
numerical relations. Conclusions based upon analogies may 
fiU up a portion of the vast chasm which separates the .certain 
results of a mathematical natural philosophy from conjec- 
tures verging on the extreme, and therefore obscure and 
barren confines of all scientific development of mind. 

From the infinity of space, — an infinity, however, doubted 
by Aristotle,*** — ^follows the idea of its immeasurability. Se- 
parate portions only have been rendered accessible to measure- 
ment, and the numerical results, which far exceed the grasp 
of our comprehension, become a source of mere puerile grati- 
fication to those who delight in high niunbers, and imflgine 
that the sublimity of astronomical studies may be heightened 
by astoimding and terrific images of physical magnitude. The 
«distance of 61 Cygni from the Sun is 657000 semi-diameters 
of the Earth's orbit; a distance which light takes rather more 
than ten years to traverse, whilst it passes from the Sun to 
the Earth in 8' 17"*78. Sir John Herschel conjectures, irom 
jiis ingenious combination of photometric calculations,^ that 
if the stars in the great circle of the Milky Way which he 
saw in the field of his twenty-feet telescope were newly-arisen 
luminous cosmical bodies, they would have required 2000 
years to transmit to us the first ray of light. All attempts to 
present such numerical relations fail, either from the immen- 
sity of the unit by which they must be measured, or from 



" Aristot. de Calo, 1, 7, p. 276 ; Bekker. 
^* Sir John Herschel, Outlines of Astronomy^ 1849, § 808, 
p. 541. 
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the high number yielded by the repetition of this unit. 
BesseP very truly observes that " the distance which light 
trayerses in a year is not more appreciable to us than the 
distance which it trayerses in ten years. Therefore eyeiy 
endeavour must fail to convey to the mind any idea of a 
magnitude exceeding those that are accessible on the earth." 
This overpowering force of numbers is as clearly manifested 
in the smallest organisms of animal life as in the milky way 
of those self-luminous suns which we call fixed stars. What 
masses of PolythalamieB are inclosed, according to Ehren- 
bei^, in one thin stratum of chalk ! This eminent investi- 
gator of nature asserts that one cubic inch of the Biliii 
polishing slate, which constitutes a sort of mountain cap 
forty feet in height, contains 41000 millions of the micro- 
scopic Galionella diatans; while the same volume contains 
more than 1 billion 750000 millions of distinct individuals 
of GalumeUa ferruginea}^ Such estimates remind us of the 
treatise named Arenarius (^afifiirris) of Archimedes-r-of the 
sand-grains which might fill the universe of space ! If the 
starry heavens, by incalculable numbers, magnitude, space, 
duration, and length of periods, impress man with the con- 
yiction of his own insignificance, his physical weakness, 
and the ephemeral nature of his existence; he is, on the 
other hand, cheered and invigorated by the consciousness of 
having been enabled, by the application and development of 
intellect, to investigate very many important points in refer- 
ence to the laws of Nature and the sidereal arrangement 
of the universe. 

Although not only the propagation of light, but also a special 
form of its diminished intensity, the resisting medium acting 

" Bessel, in Schumacher's Jahrbuch för 1839, s. 50, 
" Ehrenberg, AbhandL der.BerL Akad,, 1838, s. 59; also 
in his Infusionsthiere, s. 170. 
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on the periods of reroliitioii of Encke's comet, and Üie erapo- 
lation of manyof the large taOs of comets, seem to prore th^t the 
r^ons of space iHiich separate coemieal bodies aze not Toid,^ 
but filled with some Hod of matter; we must not omit to 
draw attentioii to the hucU that amoi^ die now currait 
bat indefinite e jip ressiwis g( ^tAe «xr of Aencn,** ^ eosmieal 
(n<m-lmninoDs) wuUiery'^ and **' etier^^^ the latter, which has 
been transmitted to ns firom the earliest antiqnitY of Sonthem 
and Western Asia, has not always ex preaed the same idea. 
Among the natural phDosc^hers of India, ether (akeTta) was 
regarded as belongii^ to the pamf9cAtML, or fixe elements, and 
was supposed to be a fluid of infinite subtletr, pervading the 
whole universe, and constituting the medium of exciting life, 
as wen as of propagating sound." Etymdogically considered, 
aid'ta signifies, according to B<^p, ^luminous or shinin<r, 
and bears, therefore, in its fundamental signification, the 
same relation to the ' ether' of the Greeks as skmin^ does to 
burning." 

^ Aristotle (Phys. Auscult.y iv. 6-10, pp. 213-217, Bekker.) 
proves, in opposition to Leucippus and Democritus, that theie 
is no unfilled space — no vacuum in the universe. 

" Akasa signifies, according to Wilson's Sanscrit Dic- 
tionary, '^ the subtle and ethereal fluid supposed to fill and 
pervade the universe, and to be the peculiar vehicle of life 
and sound." "The word dkd'sa (luminous, shining) is derived 
fix>m the root kd't (to shine), to which is added the preposi- 
tion d. The quintuple of all the elements is called pantschatdj 
GT parUschatra^ and the dead are, singularly enough, desig- 
nated as those who have been resolved into the five elements 
{prapta panUchaira), Such is the interpretation given in the 
text of Amarakoscha, Amarasinha's Dictionary.*'— (Bopp.) 
Colebrooke's admirable treatise on the Sankhya Philosophy, 
treats of these five elements; see Transact, of the Asiat, Soc,y 
voL i. Lond. 1827, p. 31. Strabo refers, according to 
Megasthenes, (xv. § 59, p. 713, Cas.) to the all-forming fifth 
element of the Indians, without, however, naming it. 
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111 the dogmas of the Ionic philosophy of Anaxagoras and 
Empedocles, this ether {(ußfjp) differed wholly from the actual 
(denser) vaponr-chaiged air {orjp) which surrounds the earth, 
and " probably extends as far as the moon." It was of " a fiery 
nature, a brightly-beaming, pure fire-air," of great subtlety 
and eternal serenity." This definition perfectly coincides 
with its etymological derivation from alßfiv to bum, for which 
Plato and Aristotle, from a predilection for mechanical views, 
singularly enough substituted another (act^clj/), on account of 
the constancy of the revolving and rotatory movement." The 

" Empedocles, v. 216, calls the ether naix(l>av6<op, brightly- 
beaming, and therefore self-luminous. 

" Plato, Cratyl. 410 B., where we meet with the expression 
dcidetjp, Aristot. de Cfe/o, 1, 3, p. 270, Bekk. says in oppo- 
sition to Anaxagoras : aWtpa irpofrtovopjafrav top avtardrfo töttov, 
dir6 Tov 6(lv del t6v aidiov XP^^^^ Btfievoi ttju (Wfowpiap avr^. 
' Kva^ayopas hi KaTaK€)(pryrai tw ovopxiri rovrfa ov /eoXcbc 6vofid(ti 
yap alBtpa dvri irvpos. We find this more circimistantially re- 
feiTed to in Aristot. Meteor,, 1, 3, p. 339, lines 21-34, Bekk.: 
"The so-called ether has an ancient designation, which 
Anaxagoras seems to identify with fire; for, according to 
him, die upper region is full of fire, and to be considered 
as ether ; in which, indeed, he is correct. For the ancients 
appear to have regarded the body which is in a constant state 
of movement, as possessing a divine nature, and therefore 
called it ether, a substance with which we have nothing 
analogous. Those, however, who hold the space surrounding 
bodies to be fire no less than the bodies themselves, and who 
look upon that which lies between the earth and the stars as 
air, would probably relinquish such childish fancies if they 
properly investigated the results of the latest researches of 
mathematicians." (The same etymology of this word, im- 
plying rapid revolution, is referred to by the Aristotelian, 
or Stoic, author of the work De Mundo, cap. 2, p. 392, Bekk.) 
Professor Franz has correctly remarked, " that the play of 
words in the designation of bodies in eternal motion (acapa del 
6€op) and of the divine {6€iov) alluded to in the Meteorohgica, 
is strikingly characteristic of the Greek type of, imagination, 
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something existing in nature, as a fact, but which I cannot 
designate as merely causal, because their causes and mutual 
connection have not yet been discovered. They are the result 
of occurrences in the realms of space coeval with the for- 
mation of our planetary system, and of geognostic processes 
in the upheaval of the outer strata of the earth into continents 
and mountain chains. Our knowledge of the primeval ages 
of the world's physical history does not extend sufficiently far 
to allow of our depicting the present condition of things as 
one of development.** 

Wherever the causal connection between phenomena has 
not yet been fully recognized, the doctrine of the Cosmos, or the 
physical description of the imiverse, does not constitute a 
distinct branch of physical science. It rather embraces the 
whole domain of nature, the phenomena of both the celestial 
and terrestial spheres— «but embraces it only imder the 
single point of view of eflforts made towards the knowledge 
of the universe as a whole.** As in the " exposition of past 
events in the moral and political world, the historian** can only 
divine the plan of the government of the world, according 
to human views, through the signs which are presented to him, 
and not by direct insight ;" so also the enquirer into nature, 
in his investigation of cosmical relations, feels himself pene- 
trated by a profoimd consciousness that the fruits hitherto 
yielded by direct observation and by the careful analysis of 
phenomena, are far from having exhausted the niunber of 
impelling, producing, and formative forces. 

** Cosmos, pp. 79-82. 

** Op. ciL pp. 36, 38-44. 

*' Wilhelm von Humboldt, Gesammelte Werke, bd. i. s. 23. 
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A. 

BESITLTS OP OBSERVATIONS IN THE UBANOLOGICAL PORTION 
OF THE PHYSICAL DESCRIPTION OP THE WORLD. 

We again commence with the depths of cosmical space, and 
the remote sporadic starry systems, which appear to te- 
lescopic vision as £untly shining nehdee. From these we 
gradually descend to the double stars, revolving round one 
common centre of gravity, and which are frequently bi- 
coloured, to the nearer starry strata, one of which appears 
to enclose our own planetary system; passing thence 
to the air-and-ocean-girt terrestrial spheroid which we 
inhabit. We have already indicated in the introduction to the 
General Delineation of Nature^ that this arrangement of ideas is 
alone suited to the character of a work on the Cosmos, since 
we cannot here, in accordance with the requirements of direct 
sensuous contemplation, begin with our own terrestrial abode, 
whose surface is animated by organic forces, and pass from 
the apparent to the true movements of cosmical bodies. 

The uranohgical, when opposed to the telluric domain of 
the Cosmos, may be conveniently separated into two divisions, 
one of which comprises astrognosy^ or the region of the fixed 
stars, and the other our solar and planetary system. It is 
unnecessary here to describe the imperfect and unsatisfac- 
tory nature of such a nomenclature and such classifications. 
Names were introduced into the physical sciences before the 
differences of objects and their strict limitations were suffi- 
ciently known.' The most important point, however, is the 
connection of ideas, and the order in which the objects are to 

* Cosmos, pp. 62-66. ' Op. dt, pp. 38, 39. 
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be considered. Innoyations in the nomenclature of groups, 
and a deviation from the meanings hitherto attached to well- 
known names, only tend to distract and confuse the mind. 



ä, ASTROGNOSY. (The Domain op the Fixed Stabs.) 

Nothing is stationary in space. Even the fixed stars 
move, as Halley* endeavoured to show in reference to Sirius, 
Arcturus, and Aldebaran, and as in modem times has been 
incontrovertibly proved with respect to many others. Hie 
bright star Aroturus has, during the 2100 years (since the 
times of Aristillus and Hipparchus) that it has been observed, 
changed its position in relation to the neighbouring famter 
stars 2^ times the moon's diameter. Bncke remarks *•*- that 
the star /x CassiopeieB appears to have moved 3^ lunar 
diameters, and 61 Cygni about 6 lunar diameters, if the 
ancient observations correctly indicated its position." Con« 
elusions based on analogy justiQr us in believing that there 
is evNywhere progressive, and perhaps also rotatory motion. 
The term '^ fixed stars " leads to erroneous preconceptions ; it 
may have referred, in its earliest meaning among the Greeks, 
to the idea of the stars being rivetted into the crystal vault of 
heaven; or, subsequently, in accordance with the Roman 
interpretation, it may indicate fixity or immobility. The 
one idea involuntarily led to the other. In Grrecian anti- 
quity, in an age at least as remote as that of Anaximenes of 
the Ionic school, or of Alcmeon the Pythagorean, all stars 
were 'divided into wandering {Sm-pa irXaiw/icva or irkaptfrd) and 
non-toandsrinff fixed stars (avAayeir atrrtfits or oirXay^ atrrpa),^ 
Besides this generally adopted designation of the fixed stars, 

^ Halley, in the Fhilos. Transact, for 1717, vol. xxx, 
p. 736. 

* Pseudo-Plut., de plac. Fhilos., ii. 15, 16; Stob. Echg, 
phys,, p. 582 ; Plato in the TinuBus, p. 40. 
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which Maorobius in his Somnium Scipionis^ latinized by 
jSphara enplanes ^^ we frequently meet in Aristotle (as if he 
wished to introduce a new technical term) with the phrase 
riveited stars, wbtbtfUpa atrrpa, instead of «rXai^,* as a desig- 
nation for fixed stars. IVom this form of speech arose the 
expressions of sidera infixa ccßlo of Cicero, Stellas quas 
putamus aßjtas of Pliny, and astra fixa of Manilius, which 
corresponds with our term fixed stars.'' This idea of fixity 
leads to the secondary ide& of immobility, of persistence in 
one spot, and thus the original signification of the expressions 
iv^fixum or affixum sidus^ was gradually lost sight of in the 
Latin translations of the middle ages, and the idea of im- 
mobility alone retained. This is already apparent in a highly 
rhetorical passage of Seneca, regarding the possibility of dis- 
covering new planets, in which he says (Nat. Qui^si., vü. 24) : 
'' Credis autem in hoc maximo et pulcherrimo corpore inter 
innumerabiles Stellas, quse noctem decore vario distinguunt. 



• Macrob., Somn, Scip,, i. 9-10; Stella merrantes, in Cicero 
de nat. Deorum, iii. 20. 

• The principal passage in which we meet with the tech- 
nical expression cvdcdc/icVa airrpai is in Aristot. de CoflOf ii. 8, 
p. 289, 1. 34, p. 290, 1. 19, Bekker. This altered nomenclature 
forcibly attracted my attention in my investigations into the 
optics of Ptolemy, and his experiments on refraction. Pro- 
fessor Franz, to whose philological acquirements I am indebted 
for frequent aid, reminds me that Ptolemy {Syntax, vii. 1,) 
speaks of the fixed stars as affixed or rivetted; «Scnrfp 
vpo{nr€<t>vK6T€s. Ptolemy thus objects to the expression 
ar<t)dipa airkayfis (prbis inerrans) ; " in as fkr as the stars con- 
stantly preserve their relative distances they might rightly be 
termed im\a»€is ; but in as far as the sphere in which they 
complete their course, and ]fi which they seem to have grown, 
as it were, has an independent motion, the designation twrXai^s 
is inappropriate if applied to the sphere.*' 

' Cicero, de nat. l)eorum,i, 13; Plin. ii. 6 and 24; Mani- 
lius, Ü. 35. 
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qnsB aera minime vacuum et inertem esse patiuntur, quinque 
solas esse, quibus exercere se liceat ; ceteras stare fixum et 
immobilem populum .^" *' And dost thou believe that in this 
so great and splendid body, amongst innumerable stars, which 
by their various beauty adorn the night, not suffering the air 
to remain void and improfitable, that there should be only five 
stars to whom it is permitted to be in motion, whilst all the 
rest remain a fixed and immoveable multitude.'' This fixed 
and immoveable multitude is nowhere to be foimd. 

In order the better to classify the main results of actual 
observations, and the conclusions or conjectures to which they 
give rise, in the description of the imiverse, I will separate 
the astrognostic sphere into the following sections: — 

I. The considerations on the realms of space and the 
bodies by which they appear to be filled. 

II. Natural and telescopic vision, the scintillation of the 
stars, the velocity of light, and the photometric experiments on 
the intensity of stellar light. 

III. The number, distribution, and colour of the stars ; 
the stellar swarms, and the milky way which is interspersed 
with a few nebulae. 

IV. The newly appeared and periodically changing stars, 
and those that have disappeared. 

V. The proper motion of the fixed stars, the problematical 
existence of dark cosmical bodies ; the parallax and measured 
distance of some of the fixed stars. 

VI. The double stars, and the period of their revolution 
round a common centre of gravity. 

VII. The nebulfie which are interspersed in the Magel- 
lanic clouds with numerous stellar masses, the black spots 
(coal-bags) in the vault of heaven. 
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THE BEALMS OF SPACE, AND CONJECTCTBBS BEGASDINO THAT 
WHICH APPEARS TO OCCUPY THE SPACE INTERVENING 
BETWEEN THE HEATENLY BOJ)I£S. 

That portion of the physical description of the universe 
which treats of what occupies the distant regions of tbe 
heavens, filling the space between the globular cosmical bodies, 
and is imperceptible to our organs, may not unaptly be 
compared to the mythical commencement of ancient history. 
In infinity of space, as well as in eternity of time, all things 
are shrouded in an \mcertain and frequently deceptive twi- 
light. The imagination is here doubly impelled to draw 
fi'om its own fulness, and to give outline and permanence to 
these indefinite changing forms.^ This observation will^ I 
trust, suffice to exonerate me from the reproach of confound- 
ing that which has been reduced to mathematical certainty, 
by direct observation or measurement, with that which is 
founded on very imperfect induction. Wild reveries belong 
to the romance of physical astronomy; yet the mind fa- 
miliar with scientific labours, delights in dwelling on sub- 
jects such as these, which, intimately connected with the 
present condition of science, and with the hopes which it 
inspires, have not been deemed unworthy of the earnest atten- 
tion of the most distinguished astronomers of our day. 

By the influence of gravitation, or general gravity, as well 
as by light and radiating heat,' we are brought in contact, as 

® Cosmos^ vol. i. p. 71. (Compare the admirable observa- 
tions of Encke, Ueher die Anordnung des Siernsystems,\^^^y^, 7.) 
^ Cosmos^ vol. i. pp. 145, 146. 

VOL. III. D 
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we may with great probability assume, not only with our own 
Sun, but also with all the other luminous suns of the firma- 
ment. The important discovery of the appreciable resistance 
which a fluid filling the realms of space is capable of oppos- 
ing to a comet having a period of revolution of five years, 
has been perfectly confirmed by the exact accordance of 
numerical relations. Conclusions based upon analogies may 
fiJl up a portion of the vast chasm which separates the .certain 
results of a mathematical natural philosophy from conjec- 
tures verging on the extreme, and therefore obscure and 
barren confines of all scientific development of mind. 

From the infinity of space, — an infinity, however, doubted 
by Aristotle,*** — ^follows the idea of its immeasurability. Se- 
parate portions only have been rendered accessible to measure- 
ment, and the numerical results, which far exceed the grasp 
of our comprehension, become a source of mere puerile grati- 
fication to those who delight in high nimibers, and imagine 
that the sublimity of astronomical studies may be heightened 
l)y astoimding and terrific images of physical magnitude. The 
«distance of 61 Cygni from the Sun is 657000 semi-diameters 
of the Earth's orbit; a distance which light takes rather more 
than ten years to traverse, whilst it passes from the Sun to 
the Earth in 8' 17"* 78. Sir John Herschel conjectures, frt)m 
jiis ingenious combination of photometric calculations,^ that 
if the stars in the great circle of the Milky Way which he 
saw in the field of his twenty- feet telescope were newly-arisen 
luminous cosmical bodies, they would have required 2000 
years to transmit to us the first ray of light. All attempts to 
present such numerical relations fail, either from the immen- 
sity of the unit by which they must be measured, or from 

" Aristot. de Ccelo, 1, 7, p. 276 ; Bekker. 
^* Sir John Herschel, Outlines of Astronomy, 1849, § 808, 
p. 541. 
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the high number yielded by the repetition of this unit. 
BesseP very truly observes that " the distance which light 
traverses in a year is not more appreciable to us than the 
distance which it trayerses in ten years. Therefore CTery 
endeavour must fail to convey to the mind any idea of a 
magnitude exceeding those that are accessible on the earth." 
This overpowering force of numbers is as clearly manifested 
in the smallest oi^nisms of animal life as in the milky way 
of those self-luminous suns which we call fixed stars. What 
masses of Polythalamise are indosed, according to Ehren- 
berg, in one thin stratum of chalk ! This eminent investi- 
gator of nature asserts that one cubic inch of the Biliai 
polishing slate, which constitutes a sort of mountain cap 
forty feet in height, contains 41000 millions of the micro- 
scopic Galionella distans; while the same volume contains 
more than 1 billion 750000 millions of distinct individuals 
of Galioneua ferruginea}^ Such estimates remind us of the 
treatise named Arenartus (^afifiirris) of Archimedes— of the 
sand-grains which might fill the universe of space ! If the 
starry heavens, by incalculable mmibers, magnitude, space, 
duration, and length of periods, impress man with the con- 
viction of his own insignificance, his physical weakness, 
and the ephemeral nature of his existence; he is, on the 
other hand, cheered and invigorated by the consciousness of 
having been enabled, by the application and development of 
intellect, to investigate very many important points in refer- 
ence to the laws of Nature and the sidereal arrangement 
of the universe. 

Although not only the propagation of light, but also a special 
form of its diminished intensity, the resisting medium acting 



" Bessel, in Schumacher's Jahrbuch för 1839, s. 50, 
^ Ehrenberg, AbhandL der.Berl, Akad,, 1838, s. 59; also 
in his Inßmonsthiere^ s. 170. 
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on the periods of revolution of Encke's comet, and the evapo- 
ration of many of the large tails of comets, seem to prove that the 
regions of space which separate cosmical bodies are not void,** 
but filled with some kind of matter; we must not omit to 
draw attention to the fact, that among the now current 
but indefinite expressions of ** the air of heaven^^ " cosmicetl 
(non-luminous) matter" and " ether ^'^ the latter, which has 
been transmitted to us from the earliest antiquity of Southern 
and Western Asia, has not always expressed the same idea. 
Among the natural philosophers of India, ether {dhd'sa) was 
regarded as belonging to the panfschatd, or five elements, and 
was supposed to be a fluid of infinite subtlety, pervading the 
whole universe, and constituting the medium of exciting life, 
as well as of propagating sound." Etymologically considered, 
dkd'sa signifies, according to Bopp, "luminous or shining, 
and bears, therefore, in its fundamental signification, the 
same relation to the * ether' of the Greeks as shining does to 
burning." 



" Aristotle {Phys. Auscult., iv. 6-10, pp. 213-217, Bekker.) 
proves, in opposition to Leucippus and Democritus, that there 
is no unfilled space — ^no vacuum in the universe. 

" Akd'sa signifies, according to Wilson*s Sanscrit Dic- 
tionary, " the subtle and ethereal fluid supposed to fill and 
pervade the imiverse, and to be the peculiar vehicle of life 
and sound." "The word dkd'sa (Imninous, shining) is derived 
from the root kd's (to shine), to which is added the preposi- 
tion d. The quintuple of all the elements is called pantschatdj 
or pantschatra, and the dead are, singularly enough, desig- 
nated as those who have been resolved into the five elements 
{präpta pantschatra). Such is the interpretation given in the 
text of Amarakoscha, Amarasinha's Dictionary.'*— (Bopp.) 
Colebrooke's admirable treatise on the Sankhja Philosophy, 
treats of these five elements; see Transact, of the Asiat, Soc^ 
vol. i. Lond. 1827, p. 31. Strabo refers, according to 
Megasthenes, (xv. § 59, p. 713, Cas.) to the all-forming fifth 
element of the Indians, without, however, naming it. 
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In the dogmas of tlie Ionic philosophy of Anaxagoras and 
Empedocles, this ether {alßfjp) differed wholly from the actual 
(denser) vaponr-chaiged air (o^/j) which surrounds the earth, 
and " probably extends as far as the moon." It was of " a fiery 
nature, a brightly-beaming, pure fire-air,^* of great subtlety 
and eternal serenity.** This definition perfectly coincides 
with its etymological derivation from aWfiv to bum, for which 
Plato and Aristotle, from a predilection for mechanical views, 
singularly enough substituted another (dcl^ctj/), on account of 
the constancy of the revolving and rotatory movement." The 

" Empedocles, v. 216, calls the ether Traju^ai/oW, brightly- 
beaming, and therefore self-luminous. 

" Plato, CratyL 410 B., where we meet with the expression 
dciderjp, Aristot. de Ccelo, 1, 3, p. 270, Bekk. says in oppo- 
sition to Anaxagoras : aWepa rrpoo'cavoiiaarav rov avayraTa tottov, 
drrh rov Btiv del rov didioy xpovov 6efievoi r^v (irtowfuav avr^. 
* Kva^ayopas be KaTaK€)(pi]Tai t« ov6p.aTi tovtö) oi5 /eciX&c ovofid^ti 
yap aldepa dvri Trvpof. We find this more circmnstantially re- 
ferred to in Aristot. Meteor., 1, 3, p. 339, lines 21-34, Bekk.: 
"The so-called ether has an ancient designation, which 
Anaxagoras seems to identify with fire; for, according to 
him, the upper region is full of fire, and to be considered 
as ether ; in which, indeed, he is correct. For the ancients 
appear to have regarded the body which is in a constant state 
of movement, as possessing a divine nature, and therefore 
called it ether, a substance with which we have nothing 
analogous. Those, however, who hold the space surrounding 
bodies to be fire no less than the bodies themselves, and who 
look upon that which lies between the earth and the stars as 
air, would probably relinquish such childish fiincies if they 
properly investigated the results of the latest resejirches of 
mathematicians.** (The same etymology of this word, im- 
plying rapid revolution, is referred to by the Aristotelian, 
or Stoic, author of the work De Mundo, cap. 2, p. 392, Bekk.) 
Professor Franz has correctly remarked, " that the play of 
words in the designation of bodies in eternal motion (a-S>fta act 
6€Op) and of the divine {Belov) alluded to in the Meteorologica, 
is strikingly characteristic of the Greek type of. imagination, 
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idea of the subtlety and tenuity of the upper ether does not 
appear to have resulted from a knowledge that the air on 
mountains is purer and less charged with the heavy vapouns. 
of the eartii, or that the density of the strata of air decreases 
with their increased height. In as far as the elements of 
the ancients refer less to material differences of bodies, or 
even to their simple nature (their incapacity of being decom^ 
posed), than to mere conditions o/matter, the idea of the upper 
ether (the fiery air of heaven) has originated in the primary 
and normal contraries of heavy and liffht, lower and upptr^ 
earth and^r^. These extremes are separated by two inters 
mediate elementary conditions, of which the one, water, ap-- 
proximates most nearly to the heavy earth, and the other, air, 
to the lighter element of fire.^* 

Considered as a medium filling the regions of space, the 
ether of Empedodes presents no other analogies excepting 

and affords additional evidence of the inaptitude of the an^ 
cients for etymological inquiry." Professor Buschmann cidl» 
attention to a Sanscrit term, dschtra, ether or the atmosphere»» 
which looks very like the Greek tdO^p, with which it has bee^i 
compared by Vans Kennedy, in his Researches into the Origin 
aatd Affinity of the prvnoipalLangiuigesofAsia and Europe^ 1828^ 
p. 279. This word may also be referred to the root (a«, asck^ 
to which the Indians attach the signification of shining or 
beaming. 

" Aristot. de Coslo,iv. 1, and 3-4, pp. 308, and 311-312i 
!Qekk. If the Stagirite withholds from ether the character of 
a fifth element, which indeed is denied by Kitter {Geschichte 
der Philosophie^ th. iiL s. 259), and by Martin. {Etudes swr 
la Timie de Flaton, t. ii. p. 150); it is only because, aor 
cording to him, ether, as a condition of matter, has no coib. 
trary. (Compare Biese, Philosophie des Aristotiles, bd. xi« 
s. 66.) Amongst the Pythagoreans, ether, as a fifth element 
was represented by the fifth of the regular bodies, the dode^ 
c^ahsdron, composed of twelve pentagons. (Martin, t* ii«. 
pp. 245--250. ) 
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those of subtlety and tenuity with the ether, by whose trans- 
verse vibrations modern physicists have succeeded so happily 
in explaining^ on purely mathematical principles, the pro^ 
pagation of light, with all its properties of double refrac- 
tion, polarisation, and interference. The natural philosophy 
of Aristotle further teaches that the ethereal substanee 
penetrates all the living organisms of the earth— both plantit \ 
and animals ; that it becomes in these the principle of vital 
heat, the very germ of a psychical principle, which, uninflu- 
enced by the body, stimulates msea. to ind^>endent activity.'* 
These visionary opinions draw down ether from the higher 
r^on» of space to the terrestrial sphere, and represent it 
as a highly rarefied substance constantly penetrating through 
the atmosphere and through solid bodies ; precisely similar 
to the vibrating light^ether of Huygens, Hooke, and modern^ 
phyncists. But what especially distinguishes the older lonio 
from the modem hypothesis of ether, is the original assump- 
tion of luminosity, a view, however, not entirely advocated 
by Aristotle. The uppar fire-air of Empedodes is expressly 
termed hrighily radiaHng (irafu^M(a>y), and is said to be 
seen by the inhabitants of the earth in certain phenomena, 
gleaming brightly through fissures and chasms (^daftara) which 
occur in the firmament.^ 

The numerous investigations that have been made in recent 
times regarding the intimate relation between light, heat, . 
electricity, and magnetism, render it far from improbable that, 
as the transverse vibrations of the ether which fills the regions 
of space give rise to the phenomena of light, the thermal and 
e]eotro«magnetie phenomena may likewise have their origin 
in analogous kinds' of motion (currents). It is reserved for 
future ages to make great discoveries in reference to thes^ 



" See the proofs collected by Biese, op, ciL^ bd. xi. s. 93. 
^ Cosmos^ vol. i. p. 143. 
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subjects. Light, and radiating heat, which is inseparable 
from it, constitute a main cause of motion and organic 
life, both in the non-luminous celestial bodies, and on the 
surface of our planet.'* Even fer from its surface, in the 
interior of the earth's crust, penetrating heat calls forth electro- 
magnetic currents, which exert their exciting influence on 
the combinations and decompositions of matter,— on all for- 
mative agencies in the mineral kingdom— on the disturbance 
of the equilibrium of the atmosphere, — and on the functions 
of vegetable and animal organisms. If electricity moving in 
currents develops magnetic forces, and if, in accordance with 
an early hypothesis of Sir William Herschel,** the sun itself 
is in the condition of " a perpetual northern light," (I should 
rather say of an electro-magnetic storm), we should seem 
warranted in concluding that solar light, transmitted in the 
regions of space by vibrations of ether, may be accompanied 
by electro-magnetic currents. 

Direct observations on the periodic changes in the declina- 
tion, inclination, and intensity of terrestrial magnetism, have, 
it is true, not yet shown with certainty that these conditions 

" Compare the fine passage on the influence of the sun's 
rays, in Sir John Herschels Outlines of Astronomy^ p. 237 : 
" By the vivifying action of the sun's rays, vegetables are 
enabled to di*aw support from inorganic matter, and become, 
in their turn, the support of animals and of man, and the 
sources of those great deposits of dynamical efficiency which 
are laid up for human use in our coal strata. By them the 
waters of the sea are made to circulate in vapour through the 
air, and irrigate the land, producing springs and rivers. By i 
them are produced all disturbances of the chemical equilibrium ; 
-of the elements of nature, which, by a series of compositions 
and decompositions, give rise to new products, and originate 
a transfer of materials.'* 

** Fhilos. Transact, for 1795, vol. Ixxxv. p. 318; John 
Herschel, Outlines of Astr., p. 238 ; sec also Cosmos, vol. i. 
p. 183. 



BABIATING HEAT. 41 

are affected by the different positions of the sun or moon, 
notwithstanding the latter's contiguity to the earth, llie 
magnetic polarity of the earth exhibits no variations that can 
be referred to the sun, or which perceptibly affect the pre- 
cession of the equinoxes.^ The remarkable rotatory or oscil- 
latory motion of the radiating cone of light of Halley's 
comet, which Bessel observed from the 12th to the 22nd of 
October, 1835, and endeavoured to explain, led this great 
astronomer to the conviction that there existed a polar force, 
" whose action differed considerably from gravitation or the 
ordinary attracting force of the sim ; since those portions of 
the comet which constitute the tail are acted upon by a repulsive 
force proceeding from the body of the sun,'"^ The splendid 
comet of 1744, which was described by Heinsius, led my 
deceased friend to similar conjectures. 

The actions of radiating heat in the regions of space are 
regarded as less problematical than electro-magnetic pheno- 
mena. According to Fourier and Poisson, the temperature 
of the regions of space is the result of radiation of heat from 
the sun and all astral bodies, minus the quantity lost by 
absorption in traversing the regions of space filled with ether .^ 
Frequent mention is made in antiquity by the Greek and 
lloman^ writers of this stellar heat; not only because, from 

** See Bessel, in Schumacher s -df^/r. iVacAr.,bd. xiii. 1836, 
no. 300, s. 201. 

** Bessel, op, cit., s. 186-192, 229. 

** Fourier, Theorie analytique de la Chaleur, 1822, p. ix. 
(^Annates de Chimie et de Physique^ torn. iii. 1816, p. 350; 
tom. IV. 1817, p. 128 ; tom. vi. 1817, p. 259 ; torn. xiii. 1820, 
p. 418). Poisson, in his Theorie mathematique de la Chaleur 
(§ 196, p. 436, § 200, p. 447, and § 228, p. 521), attempts 
to give the numerical estimates of the stellar heat {chaleur 
Stellaire) lost by absorption in the ether of the regions of 
«pace. 

* On the heating power of the stars, see Aristot. de Meteor, 
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a tmiversally prevalent assumption, the stars appertained to 
the region of the fiery ether, but because they were supposed 
to be themselves of a fiery nature^ — ^the fixed stars and the 
sun being, according to the doctrine of Aristarchus of Samos, 
of one and the same nature. In recent times, the observa- 
tions of the above-mentioned eminent French mathematicians, 
Fourier and Poisson, have been the means of directing attention 
to the average determination of the temperature of the regions 
of space; and the more strongly since the importance of 
such determinations on account of the radiation of heat from 
the earth's sur&ce towards the vault of heaven, has at lengür 
been appreciated in their relation to aU thermal conditions, 
and to the very habitability of our planet* According to 
Fourier's Analytic Theory of Heaty the temperature of celestial 
space {des espaces planitaires ou celestes) is rather below the! 
mean temperature of the poles, or even perhaps below the 
lowest d^ree of cold hitherto observed in the polar regions. 
Fourier estimates it at from — 58° to — Ye** (from — 40^ 
to — 48'' Reaxmi.). The icy pole {pole glacial)^ or tiie point 
of the greatest cold, no more corresponds with the terrestrial 
pole than does the thermal equator, which connects together 
the hottest points of all meridians with the geographical 
equator. Arago concludes, fh)m the gradual decrease of mean 
temperatures, that the degree of cold at the northern ter- 
restrial pole is •— 13°, if the maximum cold observed by Captain 
Back at Fort Eeliancc (62° 46' lat.) in January, 1834, were 
actually — 70° (— 56°-6 Cent,, or - 45°-3 Reaum.).«» The 

1,. 3, p. 340, lin. 28 ; and on the elevation of the atmospherio 
strata at which heat is at the minimimi, consult Seneca in Nat. 
Quaest^Si. 1 : '' Superiora enim aeris caloremvicinorumsiderum 
sontiunt." 

^ Plut. de plac, Philos.^ iL 13. 

^ Arago, Sur la temperature du Pole et des espaces ciUste^ 
m iihQ Annuaire du Btireau des Long, pour 1825, p; 189, et 
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lowest temperatui« that, as hx as we know, has as yet been 
observed on the earth, is probably that noted by Neveroff, at 
Jakutsk, (62° 2' lat.) on the 21st of January, 1838. The in- 
struments used in this observation were compared with his own 
by Middendorff, whose operations were always conducted witk 
extreme exactitude. Neveroff found the temperature on the- 
day above named to be — 76** (or — 48*^ Eeaum.). 

Among the many grounds of uncertainty in obtaining a nume- 
rical result for the thermal condition of the regions of space^ 
must be reckoned that of our inability at present to ascertain 
the mean of the temperatures of the poles of greatest cold of the 
two hemispheres, owing to our insufficient acquaintance with 
the meteorology of the antarctic pole, from which the mean 
annual temperature must be determined. I attach but little 

pour 1834, p. 192; also Sai^ejy Fh^/stque du Ghhe, 1832^ 
pp. 60-76. Swanberg found, from considerations on re- 
action, that the temperature of the regions of space was 
— öS^^'ö. Berzelius, Jahresbericht für 1830, s. 54. Arago, 
firom polar observations, fixed it at — 70°; and Pectet at — 76°. 
Saigey, by calculating the decrease of heat in the atmosphere, 
from 367 observations made by myself in the chain of the 
Andes and in Mexico, found it — 85°; and from thermome- 
trical measm-ements made at Mont Blanc, and during the 
aeronautic ascent of Gay-Lussac — 107°*2. Sir John Herschel 
{Edinburgh Review^ vol. 87, 1848, p. 223) gives it at — 132^ 
We feel considerable surprise, and have our faith in the cor- 
rectness of the methods hitherto adopted somewhat shaken,: 
when we find that Poisson, notwithstanding that the mean 
temperature of Melville Island (74° 4r N. Lat.) is — 1° 66', 
gives the mean temperature of the regions of space at only 
8°'6, having obtained his data from purely theoretical pre- 
mises, according to which the regions of space are warmer 
than the outer limits of the atmosphere (see the work ah-eady 
referred to, § 227, p. 520) ; while Pouillet states it, from 
actinometric experiments, to be as low as — 223^*6. See 
Comptes rendus de VAoadimie des Sciences^ torn. vii. 1838» 
pp. 25-65. 
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physical probability to the hypothesis of Poisson, that the 
different regions of space must have a very various tempera- 
ture, owing to the unequal distribution of heat-radiating stars, 
and that the earth, during its motion with the whole solar 
system, receives its internal heat from without, while passing 
through hot and cold regions. *• 

The question whether the thermal conditions of the celestial 
regions, and the climates of individual portions of space, 
have suffered important variations in the course of ages, de- 
pends mainly on the solution of a problem warmly discussed 
by Sir William Herschel : whether the nebulous masses are 
subjected to progressive processes of formation, while the cos- 
mical vapour is being condensed around one or more nuclei 
in accordance with the laws of attraction? By such a 
condensation of cosmical vapour, heat must be liberated, as 
in every transition of gases and fluids into a state of solidifica- 
tion.*^ If, in accordance with the most recent views, and 
the important observations of Lord Rosse and Mr. Bond, we 
may assume that all nebula?, including those which the highest 
power of optical instruments has hitherto failed in resolving, 
are closely crowded stellar swarms, our faith in this perpe- 
tually augmenting liberation of heat must necessarily be in 
«ome degree weakened. But even small consolidated cosmical 
bodies which appear on the field of the telescope as distinguish- 
able, luminous points, may change their density by combining 
in larger masses ; and many phenomena presented by our OAvn 
planetary system lead to the conclusion, that planets have been 
solidified from a state of vapour, and that their internal heat 
owes its origin to the formative process of conglomerated matter. 

^ See Poisson, Tfteorie Mathem. de la Chaleu7\ p. 438. 
According to him, the consolidation of the earth's strata 
began from the centre, and advanced gmdually towards the 
surface; § 193, p. 429. Compare also Cosmos, vol. i. p. 169. 

^ Cosmos, vol. i. pp. 67, 134. 
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It may at first sight seem hazardous to term the fearfully 
low temperature of the regions of space (which varies 
between the freezing point of mercury and that of spirits 
of wine) even indirectly beneficial to the habitable climates 
of the earth and to animal and vegetable life. But in proof 
of the accuracy of the expression, we need only refer to 
the action of the radiation of heat. The sun-warmed surface 
of our planet, as well as the atmosphere to its outermost 
strata, freely radiate heat into space. The loss of heat 
which they experience arises from the difference of tem- 
perature between the vault of heaven and the atmospheric 
strata, and from the feebleness of the counter-radiation. How 
enormous would be this loss of heat,'^ if the regions of space, 
instead of the temperature they nopv possess, and which we 
designate as — Y6° of a mercury thermometer, had a tempe- 
rature of about — 1400® or even many thousand times lower! 

It still remains for us to consider two hypotheses in relation 
to the existence of a fluid filling the regions of space, of which 

31 t< Were there no atmosphere, a thermometer freely ex- 
posed (at sunset) to the heating influence of the earth's radia- 
tion, and the cooling power of its own into space, would indicate 
a mediimi temperature between that of the celestial spaces, 
(—132° Fahr.) and that of the earth's surface below it, 82° 
Fahr., at the equator, Z\° Fahr., in the Polar Sea. Under 
the equator then it would stand, on the average, at — 25° 
Fahr., and in the Polar Sea at — 68° Fahr. The presence 
of tlie atmosphere tends to prevent the thermometer so ex- 
posed from attaining these extreme low temperatures : first, 
by imparting heat by conduction ; secondly, by impeding 
radiation outwards." Sir John Herschel, in the Edinburgh 
Review, vol. 87, 1848, p. 222. " Si la chaleur des espaces 
planetaires n'existait point, notre atmosphere eprouverait un 
refroidissement, dont on ne pent fixer la limite. Probable- 
ment la vie des plantes et des animaux serait impossible ä la 
surface du globe, ou releguee dans ime etroite zone de cette 
surface.'' (Saigey, Physique du Qlobe^ p. 77.) 
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one, — the less firmly based hypothesise—refers to the limited 
transparency of the celestial regions ; and the other, founded 
on direct observation and yielding numerical results, is de- 
duced from the regularly shortened periods of revolution of 
Encke's comet. Olbers in Bremen, and, as Struve has ob- 
served, Loys de Cheseaux at Geneva, eighty years earlier** 
drew attention to the dilemma, that since we could not con- 
ceive any point in the infinite regions of space imoccupied 
by a fixed star, i, e, a sim, the entire vault of heaven must 
appear as luminous as our sun if light were transmitted to us 
in perfect intensity; or, if such be not the case, we must 
assume that light experiences a diminution of intensity in its 
passage through space, this diminution being more exces- 
sive than in the invevse ratio of the square of the dis- 
tance. As we do not observe the whole heavens to be almost 
uniformly illumined by such a radiance of light (a subject 
considered by Halley*^ in an hypothesis which he subse- 
quently rejected) the regions of space cannot, according to 
Cheseaux, Olbers, and Struve, possess perfect and absolute 
transparency. The results obtained by Sir William Herschel 
jfrom gauging the stars,** and from his ingenious experi- 
ments on the space-penetrating power of his great telescopes, 
seem to show, that if the light of Sirius in its passage to us 



^ Traits de la Comkte de 1743, avec une Addition sur la 
force de la Lumikre et sa Propagation dans IStker^ et sur la 
distance des itoiles fixes; par Loys de Cheseaux (1744*). On 
the transparency of the regions of space, see Olbers, in Bode's 
Jahrbuch für 1826, s. 110-121 ; and Struve, Etudes d'Astr. 
Stellaire, 1847, pp. 83-93, and note 95. Compare also 
Sir John Herschel, Outlines of Astronomy, § 798, and Cosmos, 
vol. i. p. 142. 

» Halley, On the Infinity of the Sphere of Fixed Stars, 
in the Fhilos. Transact., vol. xxxi. for the year 1720, 
pp. 22-26. 

^ Cosmos, vol. i. p. 70. 
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tiuroQgh a gaseous or ethereal fluid loses only ^^th of its in- 
tensity, this assumption, which gives the amount of the 
density of a fluid capable of diminishing light, would suffice to 
explain the phenomena as they manifest themselves. Among 
the doubts advanced by the celebrated author of **The New 
Outlines of Astronomy,'' against the views of Olbers and 
Struve, one of the most important is that his twenty-feet 
telescope shows, throughout the greater portion of the Milky 
Way in both hemispheres, the smallest stars projected on a 
black ground.*^ 

A better proof, and one based, as we have already stated, 
upon direct observation of the existence of a resisting fluid,^ 
is aflbrded by Encke's comet, and by the ingenious and im- 
portant conclusion to which my Mend was led in his observa- 
tions on this body. This resisting medium, must, however, be 
regarded as different from the all-penetrating light-ether, be- 
cause the former is only capable of offering resistance inasmuch 
as it cannot penetrate through solid matter. These observa- 
tions require the assumption of a tangential force to explain the 
diminished period of revolution (the diminished major-axis of 
the ellipse), and this is most directly afforded by the hypothesis 
of a resisting fluid.^ The greatest action is manifested during 

^ "Throughout by fe.r the larger portion of the extent of the 
Milky Way in both hemispheres, the general blackness of the 
groimd of the heavens, on which its stars are projected .... 
In those regions where the zone is clearly resolved into stars, 
well Separated, and seen projected on a black ground^ and 

where we look out beyond them into space " Sir 

John Herschel, Outlines of Astr,^ pp. 537, 539. 

^ Cosmos^ vol. i. pp. 69, 70, 92 ; compare also Laplace, 
Essai Philosophique sur les Frobahilitis, 1825, p. 133 ; Arago 
in the Anntiaire du Bureau des Long, pour 1832, p. 188, 
pour 1836, p. 216; and Sir John Herschel, Outlines of Astr.. 
§ 577. 

^ The oscillatory movement of the emanations from the 
head of some comets, as in that of 1744, and in Halley's as 
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the twenty-five days immediately preceding and succeeding 
tbe comet's perihelion passage. The value of the constant 
is therefore somewhat different, because in the neighbour- 
hood of the sun the highly attenuated, but still gravitating 
strata of the resisting fluid, are denser. Olbers maintained^ 
that this fluid could not be at rest, but must rotate directly 
round the sun ; and therefore the resistance offered to retro- 
grade comets, like Halley's, must differ wholly jfrom that 
opposed to those comets having a direct course, like Encke's. 
ITie perturbations of comets having long periods of revolu- 
tion, and the difference of their magnitudes and sizes, com- 
plicate the results, and render it difficidt to determine what 
is ascribable to individual forces. 

The gaseous matter constituting the belt of the Zodiacal 
light may, as Sir John Herschel^ expresses it, be merely the 
denser portion of this comet-resisting medium. Although it 
may be shown that all nebula) are crowded stellar masses, 
indistinctly visible, it is certain that innumerable comets fill 
the regions of space with matter through the evaporation of 
their tails, some of which have a length of 56000000 of miles. 



observed by Bessel, between the 12th and 22nd of October, 
1835, (Schumacher ^s/ro». Nachr. ,no8, 300, 302, §185, 232), 
" may, indeed, in the case of some individuals of this class of 
cosmical bodies, exert an influence on the translatory and 
rotatory motion, and lead us to infer the action of polar forces 
(§ 201, 229,) which differ from the ordinary attracting force 
of the sun;" but the regular acceleration observable for 
sixty-three years in Encke's comet, (whose period of revolu- 
tion is S^ years), cannot be regarded as the result of in- 
cidental emanations. Compare on this cosmically important 
subject, Bessel in Schum. Astron. Nachr., no. 289, s. 6, and 
no. 310, s. 345-350, with Encke's Treatise on the hypothesis 
of the resisting medium, in Schum., no. 305, s. 265-274. 

^ Olbers in Scnum. Astr, Nachr., no. 268, s. 58. 

^ Outlines of Astronomy, § 556, 597. 
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Arago has ingeniously shown, on optical grounds,^ that the 
variable stars which always exhibit white light without any 
change of colour in their periodical phases, might afford a 
means of determining the superior limit of the density to be 
assumed for cosmical ether, if we suppose it to be equal to 
gaseous terrestrial fluids in its power of refraction. 

The question of the existence of an ethereal fluid fillin g 
the regions of space is closely connected with one warmly 
agitated by WoUaston,*^ in reference to the defiaite limit 
of the atmosphere, — a Hmit which must necessarily exist at 
the elevation where the specific elasticity of the air is equi- 
poised by the force of gravity. Faraday*s ingenious experi- 
ments on the limits of an atmosphere of mercury (that is, 
the elevation at which mercurial vapours precipitated on 
gold-leaf cease perceptibly to rise in an air-fiUed space) 
have given considerable weight to the assumption of a 
definite surface of the atmosphere " similar to the surface 
of the sea." Can any gaseous particles belonging to the 
region of space blend with our atmosphere and produce 
meteorological changes? Newton *" inclined to the idea that 

^ " En assimilant la mattere tris rare qui remplit les espaces 
celestes quant d ses propriety ri/ringentes aux gas terrestres, la 
density de cette mattere ne saurait ddpasser une certaine limite 
dont les observations des itoiles changeantes, p, e, celles d' Algol 
ou de ß de Persie, peuvent assigner la valeur" Arago in the 
Annuaire pour 1842, pp. 336-345. "On comparing the 
extremely rare matter occupying the regions of space with 
terrestrial gases, in respect to its refractive properties, we 
shall find that the density of this matter cannot exceed a 
definite limit, whose value may be obtained from observations 
of variable stars, as, for instance, Algol or ß Persei.** 

*^ See Wollaston, PhUos, Transact, for 1822, p. 89; Sir 
John Herschel, op, cit. § 34, 36. 

♦* Newton, Princ. Mathem., t. iii. (1760) p. 671. "Vapores 

VOL. Ill, E 
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such migbt be the case. If we regard falling stars and 
meteoric stones as planetary asteroids, we may be allowed 
to conjecture that in the streams of the so-called NoTember: 
phenomena,^ when, as in 1799, 1833 and 1831, myriads of 
falling stars trayersed the vault of heaven, and northern UghU 
were simultaneously observed, our atmosphere may have re- 
ceived from the regions of space some elements foreign to it, 
which were capable of exciting electro-magnetio processes. 

ft 

qui ex sole et stellis fixis et caudis cometarum oriuntur, inci- 

dere possunt in atmosphseras planetarum *' 

*■ Cosmos, vol. i. pp. 112, 124. 
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VATUBAL AND TELESCOPIC VISION.— SCINTILLAXION OF 
THE STABS. — ^VELOCITY OF LIGHT. — ^BESULTS OF PHO- 
TOMETBY. 

The increased power of vision yielded nearly two hundred 
and fifty years ago by the invention of the telescope, has afforded 
to the eye, as the organ of sensuous cosmical contemplation, 
the noblest of all aids towards a knowledge of the contents of 
space, and the investigation of the configuration, physical 
character, and masses of the planets and their satellites. Thd 
first telescope was constructed in 1608, seven years after the 
death of the great observer, Tycho Brahe. Its earliest 
&uits were the successive discovery of the satellites of Jupiter, 
the Sun's spots, the crescent-shape of Venus, the ring of 
Saturn as a triple planetary formation, (planeta tergeminus,) 
telescopic stellar swarms, and the nebulsB in Andromeda. ^ In 
1634, the French astronomer, Morin, eminent for his obserra-f 
tions on longitude, first conceived the idea of mounting a 
telescope on the index bar of an instrument of measurement« 
and seeking to discover Arcturus by day.' The perfection in 

* See Cosmos^ vol. ii. pp. 699-718, with notes. 

' Delambre, Htstotre de r Astronomie moderne, tom. ü. 
pp. 255, 269, 272. Morin, in his work, Scientta Longitu^ 
dmum, which appeared in 1634, writes as follows: — ApplicaHo 
tubi optici ad alhidadam pro stellis ßxis prompte, et accurate 
mensurandis a me excoyitata est, Picard had not, up to the 
year 1667, employed any telescope on the mural circle; and 
Hevelius, when Halley visited him at Dantzic in 1679, aod 
admired the precision of his measurement of altitudes» was 
observing through improved slits or openings. (Baily's CataiL 
of Stars, p. 38.) 

£2 
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the graduation of the arc would have failed entirely, or to a 
considerable extent, in affording that greater precision of 
observation at which it aimed, if optical and astronomical 
instruments had not been brought into accord, and the cor- 
rectness of vision made to correspond with that of measure- 
ment. The micrometer-application of ünc threads stretched 
in the focus of the telescope, to which that instrument owes 
its real and invaluable importance, was first devised, six years 
afterwards (1640), by the young and talented Gascoigne.* 

While, as I have already observed, telescopic vision, obser- 
vation, and measurement, extend only over a period of about 
240 years in the history of astronomical science, we find, 
without including the epoch of the Chaldeans, Egyptians, and 
Chinese, that more than nineteen centuries have intervened 
between the age of Timochares and Aristillus^ and the dis- 
coveries of Galileo, during which period the position and course 
of the stars were observed by the eye alone, unaided by instru- 
ments. When we consider the numerous disturbances which, 
during this prolonged period checked the advance of civiliza- 
tion, and the extension of the sphere of ideas among the nations 
inhabiting the basin of the Mediterranean, we ai*e astonished 
that Hipparchus and Ptolemy should have been so well 
acquainted with the precession of the equinoxes, the com- 
plicated movements of the planets, the two principal inequa- 
lities of the moon, and the position of the stars ; that Coper- 

.' The unfortunate Gascoigne, whose merits remained so 
long unacknowledged, lost his life, when scarcely twenty- 
three years of age, at the battle of Marston-Moor, fought by 
Cromwell against the royalists. See Derham in the Philos. 
Transact., vol. xxx. for 1717-1719, pp. 603-610. To him 
belongs the merit of a discoveiy which was long ascribed to 
Picard and Auzout, and which has given an impulse pre- 
viously unknown to practical astronomy, the principal object 
of which is to determine positions in the yaidt of heaven. 

* Cosmos, vol. ii. p. 544. 
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nicud should have had so great a knowledge of the true 
system of the universe ; and that Tycho Brahe should have 
been so familiar with the methods of practical astronomy 
before the discovery of the telescope. Long tubes, which 
were certainly employed by Arabian astronomers, and very 
probably also by the Grreeks and Romans, may indeed, in 
some degree, have increased the exactness of the observations 
by causing the object to be seen through diopters or slits. 
Abul-Hassan speaks very distinctly of tubes, to the extre- 
mities of which ocular and object diopters were attached; and 
instruments so constructed were used in the observatory 
founded by Hulagu at Meragha. If stars be more easily dis- 
covered during twilight by means of tubes, and if a star be 
sooner revealed to the naked eye through a tube than without 
it, the reason lies, as Arago has already observed, in the 
circumstance that the tube conceals a great portion of the 
disturbing light {rayons perturhateurs) diffused in the atmo- 
spheric strata between the star and the eye applied to the 
tube. In like manner, the tube prevents the lateral impression 
of the faint light which the particles of air receive at night 
from all the other stars in the firmament. The intensity of 
the image and the size of the star are apparently augmented. 
In a frequently emendated and much contested passage of 
Strabo, in which mention is made of looking through tubes, 
this '' enlarged form of the stars" is expressly mentioned, and 
is erroneously ascribed to refraction.* 



• The passage in which Strabo (lib. iii. p. 138, Casaub.) 
attempts to reftite the views of Posidonius is given as follows, 
according to the manuscripts :— " The image of the sun is 
enlarged on the seas at its rising as well as at its setting, 
because at these times a larger moss of exhalations rises from 
the humid element ; and the eye, looking through these exha- 
lations, sees images refracted into larger forms, as observed 
through tubes. The same thing happens when the setting 
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Light, from whatever sonree it comes, — whether from the 
sun, as solar light, or reflected from the planets ; from the 
fixed stars ; from putrescent wood ; or as the product of the 
vital activity of glow-worms,— -always exhihits the same con- 
sun or moon is seen through a dry and thin cloud, when 
those bodies likewise appear reddish." This passage has re- 
cently been pronounced corrupt (see Kramer, in o/ra^onM Geogr, 
1844, vol. i. p. 211), and di vakov (through glass spheres) sub- 
stituted for di av\&¥ (Schneider, Eclog. phys,, vol. ii. p. 273). 
The magnifying power of hollow glass spheres, filled wiäi 
water (Seneca, i, 6), was, indeed, as familiär to the ancients 
as the action of burning glasses or crystals (Aristoph. Nub^ 
V. 765), and that of Nero's emerald (Plin., xxxvii. 5) ; but 
these spheres most assuredly could not have been employed 
as astronomical measuring instruments. (Compare Cosmos^ 
vol. i. p. 619, and note |.) Solar altitudes, taken through thin 
light clouds, or through volcanic vapours, exhibit no trace 
of the influence of refraction. (Humboldt, Eecueil dOh- 
serv, astr,^ vol.i. p. 123.) Colonel Baeyer observed no 
angular deviation in the heliotrope light on the passage of 
streaks of mist, or even from artificia&y developed vapours, 
and therefore fully confirms Arago's experiments. Peters, 
at Pulkowa, in no case found a difference of 0"*017 on com- 
paring groups of stellar altitudes, measured in a clear sky, and 
through light clouds. See his Recherches sur la Parallaxe des 
Etoiles, 1848, pp. 80, 140-143; also Struve's Etudes SteL 
lair es ^ p. 98. On the application of tubes for astronomical 
observation in Arabian instruments, see Jourdain, Sur I Olh- 
servatoire de Meragha^ p. 27 ; and A. S^dillot, Mim. eur les 
Instrumenta astronomiques des Arahes^ 1841, p. 198. Arabian 
astronomers have also the merit of having first employed 
large gnomons with small circular apertures. In the colossal 
sextant of Abu Mohammed al-Chokandi, the limb, which was 
divided into intervals of ^v^ minutes, received the image of the 
sun* *' A midi les rnyons du soleil passaient par une Ouver- 
türe pratique dans la voÜte de Tobservatoire qui couvrait Tin- 
strument, suivant le tuvau, et formaient sur la concavite du 
sextant une imag;e circulaire, dont le centre donnait, sur Tare 
gradue, le complement de la hauteur du soleiL Cet instnir 



PBISMATIO SFECTllA. 55 

ditions of refiracthm." But the prismatic spectra yielded by 
different sources of light (as the sun and the fixed stars) 
«exhibit a difference in the position of the dark lines (rotV« du 
spectrejwhicli WoUaston first disooTered in 1808, and the posi- 
tion of which was twelve years afterwards so accurately deter- 
ndined by Fraunhofer. While the latter observer counted 600 
dark lines (breaks or interruptions in the coloured spectrum), 
:Sir David Brewster, by his admirable experiments with nitrie 
oxide, succeeded, in 1833, in counting mm*e than 2000 lines. 
It had been remarked that certain lines &iled in the spec- 
trum at some seasons of the year; but Sir David Brewster 



ment differe de notre mural, qu'en ce qu'il etait garni d'uii 
«imple tuyau au lieu d'une lunette." *' At noon, the rajrs of 
the sun passed through an opening in the dome of the observa» 
tory, above the instrument, and following the tube formed in 
the concavity of the sextant a circular image, the centre of 
which marked the sun's altitude on the graduated limb. 
This instrument in no way differed from our mural circle, 
excepting that it was furnished with a mere tube instead of a 
telescope." Sedillot, pp. 37, 202, 205. Dioptric rulers {prn^ 
nula) were used by Üie Greeks and Arabs in determining the 
moon's diameter, and were constructed in such a manner, that 
the circular aperture in the moving object diopter was larget 
than that of the fixed ocular diopter, and was drawn out until 
the lunar disc, seen through the ocular aperture, completely 
filled the object aperture. Delambre, Hist, de t Astron. du 
mot/en age^ p. 201; and Sedillot, p. 198. The adjustment of 
the dioptric rulers of Archimedes, with round apertures or slits, 
in which the direction of the shadows of two small cylinders ' 
•attached to the same index bar was noted, seems to have been 
originally introduced by Hipparchus. (ßt^yyHist de tAstroTU 
mod., 2nd ed. 1785, tom. i. p. 480.) Compare also, Theon 
Alexandrin.,JBas., 1538, pp. 257, 262 ; Les Hypotyp. de Proclus 
Diadochus ed. Halma, 1820, pp. 107, 110; and Ptolem. 
Ahnag.^ ed. Halma, tom. i. Par. 1813, p. Ivii, 

• According to Arago; see Moigno, RiperL d^OpUque mo» 
deme, 1847, p. 153. 
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lias shown that this phenomenon is owing to different altitudes 
of the sun, and to the different absorption of the rays of light 
in their passage through the atmosphere. In the spectra of 
the light reflected from the moon, from Venus, Mars, and the 
clouds, we recognize, as might be anticipated, all the pecu- 
liarities of the solar spectrum ; but on the other hand, the 
dark lines in the spectrum of Sirius differ from those of 
Castor, and the other fixed stars. Castor likewise exhibits 
different lines from Pollux and Procyon. Amici has con- 
firmed this difference, which was first indicated by Fraunhofer, 
and has ingeniously called attention to the fact that in fixed 
stars which now have an equal and perfectly white light the 
dark lines are not the same. A wide and important field is 
thus still open to future investigations,' for we have yet to 
distinguish between that which has been determined with 
certainty, and that which is merely accidental and depending 
on the absorbing action of the atmospheric strata. 

We must here refer to another phenomenon, which is 
powerfully influenced by the specific character of the som'ce 
of light. The light of incandescent solid bodies, and the 
light of the electric spark, exhibit great diversity in the 
number and position of Wollaston's dark lines. From Wheat- 
stone's remarkable experiments with revolving mirrors it 
would appear that the light of Motional electricity has a 
greater velocity than solar light, in the ratio of 3 to 2 ; that 
is to say, a velocity of 95908 miles in one second. 

The stimulus infused into all departments of optical science 
by the important discovery of polarisation,® to which the in- 
genious Malus was led in 1808, by a casual observation of the 

' On the relation of the dark lines of the solar spectrum 
in the Daguerreotype, see Comptes rendus des seances de VAcct- 
dimiedes Sciences, tom. xiv. 1842, pp. 902-904, and torn. xvi. 
1843. pp. 402-407. 

® Cosmos^ vol. ii. p. 715. 
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llgbt of the setting sun, reflected from the windows of the Palais 
du Luxembourg, has afforded unexpected results to science by 
the more thorough investigation of the phenomena of double re- 
fraction, of ordinary (Huygens's) and of chromatic polarisation, 
of interference, and of difi&action of light. Among these results, 
may be reckoned the means of distinguishing between direct 
and reflected light,' the power of penetrating, as it were, into 
the constitution of the body of the sun and of its luminous 
envelopes,^® of measuring the pressure of atmospheric strata, 

»Arago's investigation of cometary light may here be 
adduced as an instance of the important diflerence between 
proper and reflected light. The formation of the comple- 
mentary colours, red and green, showed by the application of 
his discovery (in 1811) of chromatic polarisation^ that the 
light of Halley's Comet (1835) contained reflected solar light, 
I was myself present at the earlier experiments for comparing, 
by means of the equal and unequal intensity of the images in 
the polariscope, the proper light of Capella with the splendid 
Comet, as it suddenly emerged from the rays of the sun at 
the beginning of July, 1819. (See Anntiaire du Bureau des 
Long, pour 1836, p. 232; Cosmos, vol. i. p. 90; and Bessel in 
Schumachers Jahrbuch für 1837, 169.) 

^° Lettre de M, Arago ä M. Alexandre de Humboldt, 1 840, 
p. 37 : — *' A I'aide d'un polariscope de mon invention, je 
reconnus (avant 1820) que la lumiere de tons les corps ter- 
restres incandesceuts, solides ou liquides, est de la lumiere 
naturelle, tant qu'elle emane du corps sous des incidences pcr- 
pendiculaires. La lumiere, au contraire, qui sort de la surface 
incandescente sous un angle aigu, offi*e des marques manifestes 
de polarisation. Je ne m'arr^te pas ä te rappeler ici, comment 
je deduisis de ce fait la consequence curieuse que la lumiere 
ne s'engendre pas seulement ä la surface des corps ; qu'une 
portion nait dans leur substance mime, cette substance fut- 
elle du platine. J'ai seulement besoin de dire qu'en repetant 
la meme serie d'epreuves, et avec les memos instruments sur la 
lumiere que lance une substance gazeuse enflammee, on ne lui 
trouve, sous quelque inclinaison que ce soit, aucun des caracteres 
de la lumiere polarisee ; que la lumiere des ga2, prise a la 
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and even the smallest amount of water they contain, of 
scrutinizing the depths of the ocean and its rocks by means of 

sortie de la surface enflamm^e, est de la lumi^re naturelle, oe 
qui n'emp^che pas qu'elle ne se polarise ensuite compldtement 
si on la soumet k des reflexions ou a des refractions conven- 
ables. De lä une methode tr^s simple po\ir d^couvrir si 40 
millions de Heues de distance la nature du soleil. La lumidre 
provenant du hord de cet astre, la lumidre eman^e de lamatidre 
solaire sotts un angle aigu^ et nous arrivant sans avoir eprouve 
en route des reflexions ou des refractions sensibles, ofi&e-t-elle 
des traces de polarisation, le soleil est un corps solide ou 
liquide. S'il n'y a, au contraire, aucim indice de polarisation 
dans la lumi^re du bord, la partie incandescente du soleil est 
ffazeuse. C'est par cet enchainement m^thodique d'observations 
qu'on pent arriver ä des notions exactes sur la constitution 
physique du soleil." 

"By the aid of my polariscope I discovered (before 
1820) that the light of all terrestrial objects in a state of 
incandescence, whether they be solid or liquid, is natural 
as long as it emanates from the object in perpendicular rays. 
The light emanating from an incandescent surface at an acute 
angle presents on the other hand manifest proofs of polarisation. 
I will not pause to remind you that this circumstance has led 
me to the remarkable conclusion that light is not generated on 
the surface of bodies only, but that some-portion is actually 
engendered within the substance itself, even in the case of 
platinum. I need only here observe, that in repeating the 
same series of experiments (and with the same instnunents) on 
the light emanating from a burning gaseous substance, I coidd 
not discover any chamctenstics of polarised light , whatever 
might be the angle at which it emanated ; and I found that the 
light of gaseous bodies is natural light when it issues from the 
burning surface, although this circumstance does not prevent ita 
subsequent complete polarisation, if subjected to suitable re- 
flections or refractions. Hence we obtain a most simple method 
of discovering the nature of the sun at a distance of 40 millions 
of leagues. For if the light emanating from the margin of the 
sun, and radiating from the solar substance at an acute angle, 
reach us without having experienced any sensible reflections 
or refi-actions in its passage to the earth, and if it offer traces 
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a tourmaline plate,** and, in accordance with Newton's pre- 
diction, of comparing the chemical composition" of seve- 
ral substances'' with their optical effects. It will be suffi- 

of polarisation the sun must be a solid or a liquid body. But 
if on the contrary the light emanating from the sun^s margin 
give no indications of polarisation, the incandescent portion 
of the sun must be gaseous. It is by means of such a method- 
ical sequence of observations that we may acquire exact 
ideas regarding the physical constitution of the sun.'* (On the 
Envelopes of the Sun, see Arago, in the Annuaire pour 1846, 
-p. 464.) I give all the circumstantial optical disquisitions which 
I have borrowed from the manuscript or printed works of my 
friend, in his own words, in order to avoid the misconceptions 
to which the variations of scientific terminology might give 
rise in re-translating the passages into French, or any other 
of the various languages in which the Cosmos has appeared. 

" " Sur Teffet d ime lame de tourmaline taill^e paraU^lement 
aux aretes du prisme servant, lorsqu'elle est convenablement 
situ6e, ä lliminer en totality les rayons reflechis par la surface 
de la mer et miles k la lumilre provenant de Tlcueil." " On 
the effect of a tourmaline plate cut parallel to the edges of the 
prism, in concentrating (when placed in a suitable position) 
all the rays of light reflected by the surface of the sea, and 
blended with the light emanating from the sunken rocks." 
See Arago, Instructions de la Bonite^ in the Annuaire pour 
1836, pp. 339-343. 

*'** De la possibility de determiner les pouvoirs refringents des 
corps d*apres leur composition chimique." On the possibility 
of determining the refracting powers of bodies according to their 
chemical composition (applied to the ratio of the oxygen to the 
nitrogen in atmospheric air, to the quantity of hydrogen con- 
, tained in ammonia and in water, to carbonic acid, alcohol and 
the diamond). See Biot et Arago ^ Mhnoire sur les affinitis 
des corps pour la himikre^ Mars, 1806 ; also Menwires mathim. 
et phys. de V Institut^ t. vii. pp. 327-346 ; and my Memoire 
sur les rifractions astronomiqtMS dans la zone torride, in the 
Becueil dOhserv, astron,, vol. i. pp. 115 and 122. 

" Experiences de M. Arago sur la puissance rifractive des 
corps diaphanes (de Vair sec et de tair humide) par U diplace- 
ment des /ranges^ in Moigno, Repertoire dOptique mod., 1847, 
pp. 159-162. 



60 COSMOS. 

cient to mention the names of Airy, Arago, Biot, Brewster, 
Cauchy, Faraday, Fresnel, John Herschel, Lloyd, Malus, 

Neumann, Plateau, Seebeck, to remind the scientific 

reader of a succession of splendid discoveries, and of their 
happy, applications. The great and intellectual labours of 
Thomas Young more than prepared the way for these im- 
portant efforts. Arago's polariscope and the observation of 
the position of coloured fringes of diffraction (in consequence 
of interference) have been extensively employed in the prose- 
cution of scientific inquiry. Meteorology has made equal 
advances with physical astronomy in this new path. 

However diversified the power of vision may be in different 
persons, there is nevertheless a certain average of organic 
capacity, which was the same among former generations, as, 
for instance, the Greeks and Romans, as at the present day. 
The Pleiades prove that several thousand years ago, even as 
now, stars which astronomers regard as of the 7th magnitude, 
were invisible to the naked eye of average visual power. 
The group of the Pleiades consists of one star of the 3rd 
magnitude, Alcyone ; of two of the 4th, Electra and Atlas ; 
of three of the 5th, Merope, Maia, and Taygeta; of two 
between the 6th and the 7th magnitudes, Pleione and Celeeno ; 
of one between the 7th and the 8th, Asterope; and of many 
very minute telescopic stars. I make use of the nomencla- 
ture and order of succession at present adopted, as the same 
names were amongst the ancients in part applied to other 
stars. The six first-named stars of the 3rd, 4th and 5th magni- 
tudes were the only ones which could be readily distinguished.^* 

" Hipparchus says {ad Arati Phcen, 1, pag. 190, in UranO' 
hgio Petavii)^ in refutation of the assertion of Aratus, that 
there were only six stars visible in the Pleiades : — " One star 
escaped the attention of Aratus. For when the eye is atten- 
tively fixed on this constellation on a serene and moonless 
night, seven stars are visible, and it therefore seems strange 



VISIBILITY OF STAUS. 61 

Of these Ovid says (FasL iv. 170), 

" Quae Septem did, sex tarnen esse solent/' 
One of the daughters of Atlas, Merope, the only one who 
was wedded to a mortal, was said to have veiled herself 
for very shame, or even to have wholly disappeared. This 
is probably the star of about the 7th magnitude, which 
we call Celsßno; for Hipparchus, in his commentary on 
Aratus, observes that on clear moonless nights seven stars 
may actually be seen. Celsßno therefore must have been 
seen, for Pleione, which is of equal bnghtness, is too near 
to Atlas, a star of the 4th magnitude. 

The little star, Alcor, which, according to Triesnecker, is 
situated in the tail of the Great Bear, at a distance of 
1 r 48'' from Mizar, is, according to Argelander, of the 5th mag. 
nitude, but overpowered by the rays of Mizar. It was called 
by the Arabs, Saidak, " the Test,*' because, as the Persian 
astronomer Kazwini" remarks, '^ It was employed as a test of 

that Attains, in his description of the Pleiades, should have 
neglected to notice this oversight on the part of Aratus, as 
though he regarded the statement as correct. " Merope is called 
the invisible (n-ara^oy^s) in the Catasterisms (XXIII. ) ascribed to 
Eratosthenes. On a supposed connexion between the name 
of the veiled (the daughter of Atlas) with the geographical 
myths in the Meropis of Theopompus, as well as with the great 
Satumian Continent of Plutarch and the Atlantis, see my 
Examen crit. de Vhist de la Geographie, t. i. p. 170. Compare 
also Ideler, Untersuchungen über den Ursprung und die Bedeu- 
tung der Stemnamen, 1 809, p. 145 ; and in reference to astrono- 
mical determination of place, considt Madler, Untersuch, über 
die Fixstern-Systeme, th. ii. 1848, s. 36 and 166; also Baily 
in the Mem. of the Astr Soc, vol. xiii. p. 33. 

" See Ideler, Stemnamen, s. 19 and 25. Arago in manuscript 
notices of the year 1847, writes as follows. — "On observe 
qu'ime lumiere forte fait disparaitre une lumiere faible placee 
dans le voisinage. Quelle peut en ^tre la cause ? II est pos- 
sible physiologiquement que Tebranlement communique ä la 
ratine par la lumiere forte s'etend au dela des points que la 
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the power of vision.*' Notwithstanding the low position 
of the Great Bear under the tropics, I have very dis- 
tinctly seen Alcor, evening after evening, with the naked 

lumiere forte a frappes, et que cet ^branlement secondaire 
absorbe et neutralise en quelque sorte Tebranlement prove- 
nant de la seconde et faible lumidre. Mais sans entrer dans 
ces causes physiologiques, il y a une cause directe qu'on peut 
indiquer pour la disparition de la faible luiniere : c'est que les 
rayons provenant de la grande n*ont pas seulement foroi^ une 
image nette siu' la retine, mais se sont disperses aussi sur toutes 
les parties de cet organe ä cause des imperfections de transparence 
de la comee. Les rayons du corps plus brillant a en traversant 
la comee se comportent comme en traversant un corps leg^- 
ment depoli. Une partie des ces rayons refractes reguli^re- 
ment forme Timage meme de a, Tautre partie dispersh edaire 
la totalite de la retine. Cost done sur ce fond lumineipL que 
se projette Timage de Tobjet voisiu h. Cette demi^re image 
doit done ou disparaitre ou etre a£faiblie. De jour deux 
causes contjibuent ä I'afiaiblissement des etoiles. L*ime de 
ces causes c'est Fimage distincte de cette portion de Tatmo- 
sphere comprise dans la direction de Tetoile (de la portion 
aerienne plac6e entre Tceil et Tetoile) et sur laquelle Timage 
de I'etoile vient de se peindre; Tautre cause c'est la lumiere 
diffuse provenant de la dispersion que les defauts de la com^e 
impriment aux rayons 6manants de tons les points de Tatmo- 
sphdre visible. De nuit les couches atmospheriques inter- 
posees entre Tceil et Tetoile vers laquelle on vise, n'agis- 
sent pas; chaque etoile du firmament forme une image 
plus nette, mais une partie de leur lumiere se trouve 
dispers^e ä cause du manque de diaphanit^ de la com^e. 
Le meme raisonnement s'applique ä une deuxi^me, trdi- 
silme .... milli^me Etoile. La retine se trouve done 
eclairee en totalite par une lumidre diffuse, proportionnelle au 
nombre de ces Etoiles et a leur ^clat. On con9oit par \k que 
cette somme de lumiere diffuse ai&iblisse ou fasse enti^re- 
ment disparaitre Timage de Tetoile vers laquelle on dirige la 



vue. 
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We find that a strong light causes a fainter one placed 
near it to disappear. What can be the cause of this phe- 
nomenon?- It is physiologically possible that the vibration 
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e^, on the rainless shores of Cumana, and on the pla- 
teaux of the Cordilleras, which are elevated nearly 13000 
feet above the level of the sea, while I have seen it less 
frequently and less distinctly in Europe and in the dry 

communicated to the retina hj strong light may extend 
beyond the points excited by it; and that this secondary 
vibration may in some degree absorb and neutralise that 
arising from the second feeble light. Without, however, 
entering upon these physiological considerations, there is a 
direct cause to which we may refer the disappearance of 
the feeble light: viz., that tlie rays emanating from the 
strong light, after forming a perfect image on the retina, 
are dispersed over all parts of this organ in consequence 
of the imperfect transparency of the cornea. The rays of 
the more brilliant body a, in passing the cornea, are affected 
in the «una nuumer L if Zj we^ transmitted through a 
body whose surface was not perfectly smooth. Some of 
these regularly refracted rays form the image o, wbilst the 
remainder of the dispersed rays illumine the whole of the 
retina. On this luminous ground the image of the neigh- 
bouring object h is projected. This last image must there- 
fore either wholly disappear or be dimmed. By day two 
causes contribute to weaken the light of the stars ; one is the 
distinct image of that portion of the atmosphere included in 
the direction of the star (the aerial field interposed between 
the eye and the star), and on which the image of the star is 
formed, while the other is the light diffused by the dispersion 
which the defects of the cornea impress on the rays emanat- 
ing from all points of the visible atmosphere. At nighty the 
strata of air interposed between the eye and the star to which 
we direct the instrument, exert no disturbing action ; each star 
in the firmament forms a more perfect image, but a portion of 
the light of the stars is dispersed in consequence of the im- 
perfect transparency of the cornea. The same reasoning 
applies to a second, a third, or a thousandth star. The retina 
then is entirely illmnined by a diffused light, proportionate to 
the number of the stars and to their brilliancy. Hence we 
may imagine that the aggregate of this diffused light must 
either weaken, or entirely obliterate the imAge of the star 
towards which the eye is directed." 
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atmosphere of the Steppes of Northern Asia. The ^imits 
within which the naked eye is unable to separate two \ery 
contiguous objects in the heavens depend, as Madler has 
justly observed, on the relative brilliancy of the stars. The 
two stars of the 3rd and 4th magnitudes, marked as a Capri- 
comi, which are distant from each other six- and-a-half minutes, 
can with ease be recognized as separate. Galle thinks that 
€ and 5 Lyra3, being both stars of the 4th magnitude, may be 
distinguished in a very clear atmosphere by the naked eye, 
although situated at a distance of only three-and-a-half minutes 
from each other. 

The preponderating effect of the rays of the neighbouring 
planet is also the principal cause of Jupiter's satellites remain- 
ing invisible to the naked eye ; they are not all, however, as 
has frequently been maintained, equal in brightness to stars of 
the 5th magnitude. My firiend. Dr. Galle, has found from 
recent estimates, and by a comparison with neighbouring 
stars, that the third and brightest satellite is probably of the 
5th or 6th magnitude, whilst the others, which are of various 
degrees of brightness, are all of the 6th or 7th magnitude. 
There are only few cases on record in which persons of ex- 
traordinarily acute vision — ^that is to say, capable of clearly 
distinguishii^ with the naked eye stars fainter than those of 
the 6th magnitude, — ^have been able to distinguish the satellites 
of Jupiter without a telescope. The angular distance of the 
third and brightest satellite from the centre of the planet is 
4' 42" ; that of the fourth, which is only ^th smaller than the 
largest is 8' 16" : and all Jupiter's satellites sometimes exhibit, 
as Arago maintains," a more intense light for equal surfaces 

" Arago, in the Annuaire pour 1842, p. 284, and in the 
Comptes reiidus, torn. xv. 1842, p. 750. (Schum. Astron, 
Nachr., no. 702.) *'I have instituted some calculations of mag- 
nitudes, in reference to your conjectures on the visibility 
of Jupiter's satellites," writes Dr. Gade, in letters addressed 
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than Jupiter himself; occasionally, however, as shown by 
recent observations, they appear like gray spots on the planet. 
The rays or tails, which to our eyes appear to radiate from 
the planets and fixed stars, and which were used, since the 
earliest ages of mankind, and especially amongst the Egyptians, 

to me, "but I have found, contrary to my expectations, 
that they are not of the 5th magnitude, but, at most, only 
of the 6th or even of the 7th magnitude. The 3rd and brightest 
satellite alone appeared nearly equal in brightness to a neigh- 
bouring star of the 6th magnitude, which I could scarcely 
recognize with the naked eye, even at some distance from 
Jupiter; so that, considered in reference to the bright- 
ness of Jupiter, this satellite would probably be of the 
5th or 6th magnitude if it were isolated from the planet. 
The 4th satellite was at its greatest elongation, but yet I 
could not estimate it at more than the 7th magnitude. The 
rays of Jupiter would not prevent this satellite from being 
seen if it were itself brighter. From a comparison of Alde- 
boran with the neighbouring star $ Tauri, which is easily 
recognized as a double star (at a distance of 5^ minutes), 
I should estimate the radiation of Jupiter at five or six minutes, 
at the least, for ordinary vision." These estimates cor- 
respond with those of Arago, who is even of opinion that this 
false radiation may amount in the case of some persons to double 
this quantity. The mean distances of the four satellites from 
the centre of the main planet are undoubtedly l'5r',2'57",4'42", 
and 8'16". " Si nous supposons que I'image de Jupiter, dans 
certains yeux exceptionnels, s'epanouisse seulement par des 
rayons d*une ou deux minutes d' amplitude, il ne semblera pas 
impossible que les satellites soient de tems en tems aper^us, sans 
avoir besoin de recourir a Partifice de Tamplification. Pour 
verifier cette conjecture, j'ai fait construire une petite lunette 
dans laquelle Tobjectif et Toculaire ont a peu pres le meme foyer, 
et qui d^s lors ne grossit point. Cette limette ne detruit pas 
enti^rement les rayons divergents, mais eile en reduitconsid^r- 
ablement la longueur. Cela a suflB pour qu' un satellite con- 
venablement ecart6 de la planete, soit devenu visible. Le fait a 
^te constat^ par tons les jeunes astronomes de I'Observatoire." 
*' If we suppose that the image of Jupiter appears to the eyes 
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as pictorial representations to indicate the shining orbs of 
heaven, are at least from five to six minutes in length. (These 
lines are regarded by Hassenfratz as caustics on the crystalline 
lens : intersections des deux oattstiques.) 

"The image of the star which we see with the naked eye 
is magnified by diverging rays, in consequence of which it 
occupies a larger space on the retina than if it were concen- 



of some persons to be dilated by rays of only one or two 
nunutes, it is not impossible that the satellites may from time 
to time be seen without the aid of magnifying glasses. In 
order to verify this conjecture I caused a small instrument to 
be constructed in which the object>glass and the eye-piece 
had nearly the same focus, and which therefore did not mcig- 
nify. This instrument does not entirely destroy the diverging 
rays, although it considerably reduces their length. This 
method has sufficed to render a satellite visible when at a 
sufficient distance from the planet. This observation has been 
confirmed by all the yoimg astronomers at the Observatory." 
(Arago in the Comptes rendtis^ torn., xv. 1842, p. 751.) 

As a remarkable instance of acute vision and o£ the great 
sensibility of the retina in some individuals who are able to 
see Jupiter's satellites with the naked eye, I may instance 
the case of a master tailor, named Schön, who died at 
Breslau in 1837, and with reference to whom I have re- 
ceived some interesting communications from the learned 
and active director of the Breslau Observatory, Von Bogus- 
lawski. " After having (since 1820) convinced ourselves, by 
several rigid tests, that in serene moonless nights Schön was 
able correctly to indicate the position of several of Jupiter's 
satellites at the same time, we spoke to him of the emana- 
tions and tails which appeared to prevent others from seeing 
so clearly as he did, when he expressed his astonishment at 
these obstructing radiations. From the animated discussions 
between himself and the bystanders regarding the difficulty 
of seeing the satellites with the naked eye, the conclusion 
was obvious, that the planet and fixed stars must always 
appear to Schön like luminous points having no rays. He 
saw the third satellite the best, and the first very plainly when 
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trated in a single point. The impression on the nerves is 
weaker. A very dense starry swarm, in which scarcely any 
of the separate stars belong even to the 7th magnitude, may, 
on the contrary, be visible to tlie imaided eye in consequence 
of the images of the many difterent stars crossing each other 
upon the retina, by which every sensible point of its sur&ce is 
more powerfully excited, as if by one concentrated image." " 

it was at the greatest digression, but he never saw the second 
and the fourth alone. When the air was not in a very favour- 
able condition the satellites appeared to him like famt streaks 
of light. He never mistook small fixed stars for satellites, 
probably on account of the scintillating and less constant 
light of the former. Some years before his death Schön com- 
plained to me that his foiling eye could no longer distinguish 
Jupiter's satellites, whose position was only indicated, even 
in clear weather, by light faint streaks." These circumstances 
entirely coincide with what has been long known regarding 
the relative lustre of Jupiter's satellites, for the brightness and 
quality of the light probably exert a greater influence than 
mere distance &om the main planet on persons of such great 
perfection and sensibility of ^vision. Schön never saw the 
second nor the fourth satellite. The former is the smallest of 
all ; the latter, although the largest after the third and the most 
remote, is periodically obscured by a dark colour, and is gene- 
rally the faintest of all the satellites. Of the third and the 
first which were best and most frequently seen by the naked 
eye, the former, which is the largest of aU, is usually the 
brightest, and of a very decided yellow colour; the la.tter 
occasionally exceeds in the intensity of its clear yellow light 
the lustre of the third, which is also much larger. (Mädler, 
Astr. 1846, s. 231-234, and 439.) Sturm and Airy, in the 
Comptes rendus, t. xx, pp. 764-6, show how, under proper 
conditions of refraction in the organ of vision, remote limiinous 
points may appear as light streaks. 

" " L'image ipanouie d'une etoile die 7^me grandeur 
n'ebranle pas suffisamment la retine : eile n'y fait pas naitre 
ime sensation appreciable de lumi^re. Si l'image n'itait 
point epanouie (par des rayons divergents), la sensation 

r2 
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Telescopes, although in a much less degree, unfortunately also 
give the stars an incorrect and spurious diameter ; but accord- 

aurait plus de force, et I'etoile se verrait. La premiere classe 
d'etoiles invisibles a roeil nu ne serait plus alors la septidme : 
pour la trouver, il faudrait peut-etre descendre alors jusqu'a 
la 12eme. Consid^rons un groupe d'etoiles de 7^me grandeur 
tellement rapprochees les unes des autres que les intervalles 
echappent necessairement a I'oGil. Si la vision avait de la 
netteti, si I'image de chaque etoile etait tr^s petite et bien 
terminee, I'observateur aperceverait un champ de lumiere dont 
chaque point aurait V eclat concentri d'lme 6toile de 7^me gran- 
deur. Liclat concentri d'une etoile de 7^me grandeur su£t ä 
la vision ä Toeil nu. liC groupe serait done visible a Toeil nu. 
Dilatons maintenant sur la retine Timage de chaque Etoile du 
groupe; rempla^ons chaque point de Tancienne image gene- 
rale par un petit cercle : ces cercles empieteront les uns sur 
les autres, et les divers points de la retine se trouveront 
eclaires par de la lumiere venant siraultan^ment de plusieurs 
etoiles. Pour peu qu'on y reflechisse, il restera evident qu* 
excepte sur les bords de Timage generale, I'aire lumineuse 
ainsi eclair^e a precisement, a cause de la superposition des 
cercles, la meme intensite que dans le cas oü chaque Etoile 
n'eclaire qu'mi seid point au fond de Toeil; mais si chacun 
de ces points re9oit une lumiere egale en intensite ä la 
lumiere concentree d'une etoile de Teme grandeur, il est clair 
que Tepanouissement des images individuelles des etoiles 
contigues ne doit pas emp^cher la visibility de Fensemble. 
Les instruments telescopiques ont, quoiqu'ä un beaucoup 
moindre degi*^, le defaut de donner aussi aux etoiles un 
diamhtre sensible et factice. Avec ces instruments, comme a 
I'oBil nu, on doit done apercevoir des groupes, composes 
d' etoiles inferieures en intensite ä Celles que les memes 
lunettes ou telescopes feraient apercevoir isolement." 

" The expanded image of a star of the 7th magnitude does 
not cause sufficient vibration of the retina, and does not give 
rise to an appreciable sensation of light. If the image were 
not expanded (by divergent rays), the sensation would be 
stronger and the star discernible. The lowest magnitude at 
which stars are visible would not therefore be the 7th, but 
some magnitude as low perhaps as the 12th degree. Let us 
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ing to the splendid investigations of Sir William Hcrschel,^ 
these diameters decrease with the increasing power of the in- 
strument. This distinguished observer estimated that, at the 
excessive magnifying power of 6500, the apparent diameter 
of Vega Lyra) still amounted to 0"36. In terrestrial objects 
the form, no less than the mode, of illumination, determines 
the magnitude of the smallest angle of vision for the naked 

consider a group of stars of the 7th magnitude so dose to 
one another that the intervals between them necessarily escape 
the eye. If the sight were very clear, and the image of each 
star small and well defined, the observer would perceive a field 
of light, each point of which would.be equal to the concen- 
trated brightness of a star of the 7th magnitude. The concen- 
trated light of a star of the 7th magnitude is sufficient to be 
seen by the naked eye. The group, therefore, would be visible 
to the naked eye. Let us now dilate the image of each star of 
the group on the retina, and substitute a small circle for each 
point of the former general image ; these circles will impinge 
upon one another, and the different points of the retina will 
be illumined by light emanating simultaneously from many 
stars. A slight consideration will show, that, excepting at 
the margins of the general image, the luminous air has, in 
consequence of the superposition of the circles, the same 
degree of intensity as in those cases where each star illu- 
mines only one single point of the retina; but if each of 
these points be illumined by a light equal in intensity to the 
concentrated light of a star of the 7th magnitude, it is evi- 
dent that the dilatation of the individual images of contiguous 
stars cannot prevent the visibility of the whole. Telescopic 
instruments have the defect, although in a much less degree, 
of giving the stars a sensible and spurious diameter. We 
therefore perceive with instruments, no less than with the 
naked eye, groups of stars, inferior in intensity to those which 
the same telescopic or natural sight would recognize, if they 
were isolated." Arago, in the Annuatre du Bureau des Longi- 
tudes pour ran 1842, p. 284. 

" Sir William Herschel, in the Phihs. Transact, for 1803, 
voL 93, p. 225, and for 1805, vol. 94, p. 184. Compare also 
Arago, in the Annuaire pour 1842, pp. 360-374. 
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eye. Adams very correctly observed tliat a long and slen- 
der staff can be seen at a much greater distance than a 
square whose sides are equal to the dkmeter of the staff. 
A stripe may be distinguished at a greater distance than a 
spot, even when both are of the same diameter. Arago has 
made numerous calculations on the influence of form (outline 
of the object) by means of angular measurement of distant 
lightning conductors visible from the Paris Observatory. The 
minimum optical visual angle at which terrestrial objects can 
be recognized by the naked eye has been gradually estimated 
lower and lower from the time when Robert Hooke fixed it 
exactly at a full minute, and Tobias Mayer required 34" to 
perceive a black speck on white paper, to the period of Leeu- 
wenhoek*s experiments with spider's threads, which are visible 
to ordinary sight at an angle of 4"* 7. In the recent and 
most accurate experiments of Hueck, on the problem of the 
movement of the crystalline lens, white lines on a black 
ground were seen at an' angle of V'2 ; a spider's thread at 
0"'6 ; and a fine glistening wire at scarcely 0"*2. This pro- 
blem does not admit generally of a numerical solution, since it 
entirely depends on the form of the objects, their illumination, 
their contrast with the back-ground, and on the motion or 
rest, and the nature of the atmospheric strata in which the 
observer is placed. 

During my visit at a charming country-seat belonging to 
the Marques de Selvalegre, at Chillo, not far from Quito, 
where the long extended crests of the volcano of Pichincha 
lay stretched before me at a horizontal distance, trigonometric 
cally determined at more than 90000 feet, I was much 
struck by the circumstance that the Indians who were 
standing near me distinguished the figure of my travelling 
companion Bonpland (who was engaged in an expedition to 
the volcano) as a white point moving on the black basaltic sides 
of the rock, sooner than we could discover him with our teles- 
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copes. The white moving image was soon detected with 
the naked eye both by myself and by my Mend the imfiurtu« 
nate son of the Marques, Carlos Montu£ur, who subsequently 
perished in the civil war. Bonpland was enveloped in a white 
cotton mantle, the Poncho of the country; assuming the 
breadth across the shoulders to vary from three to five feet, 
according as the mantle clung to the figure or fluttered in the 
breeze, and judging from the known distance, we found that 
the angle at which the moving object could be distinctly seen, 
varied from T to 12". White objects on a black ground are, 
according to Hueck's repeated experiments, distinguished at a 
greater distance than black objects on a white ground. The 
light was transmitted in serene weather through rarefied strata 
of air at an elevation 15360 feet above the level of the sea to 
our station at Chillo, whidi was itself situated at an elevation 
of 8575 feet. The ascending distance was 91225 feet, or 
about 1 1\ miles. The barometer and thermometer stood at 
very different heights at both stations, being probably at the 
upper one about 17*2 inches and 46° '4, while at the lower 
station they were found, by accurate observation, to be 22 '2 
inches and 65^*7. Gausses heliotrope light, which has become 
so important an element in German trigonometrical measure- 
ments, has been seen with the naked eye reflected from the 
Brocken on Hohenhagen, at a distance of about 227000 feet, 
or more than 42 miles; being frequently visible at points 
in which the apparent breadth of a three-inch mirror was 
only 0"-43. 

The visthility of distant objects is modified by the absorp- 
tion of the rays passing from the terrestrial object to the 
naked eye at unequal distances, and through strata of air 
more or less rarefied and more or less saturated virith moisture ; 
by the degree of intensity of the light di&sed by the radiation 
of the particles of air ; and by numerous meteorological pro- 
cesses not yet fully explained. It appears from the old ex« 
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periments of the accurate observer, Bougucr, that a di£fcrcnce 
of -^th in the intensity of the light is necessary to render 
objects visible. To use his own expression, we only negatively 
see mountain-tops from which but little light is radiated, and 
which stand out from the vault of heaven in the form of dark 
masses ; their visibility is solely owing to the difference in the 
thickness of the atmospheric strata extending respectively to 
the object and to the horizon. Strongly illumined objects, such 
as snow-clad mountains, white chalk cliffs, and conical rocks 
of pumice-stone, are seen positively. 

The distance at which high mountain summits may be 
recognized from the sea is not devoid of interest in relation to 
practical navigation, where exact astronomical determinations 
are wanting to indicate the ship's place. I have treated 
this subject more at length in another work," where I con- 
sidered the distance at which the Peak of Teneriffe might be 
seen. 

The question whether stars can be seen by daylight with the 
naked eye through the shafts of mines, and on very high 
mountains, has been virith me a subject of inquiry since my 
early youth. I was aware that Aristotle had maintained** 

" Humboldt, Bdlation hist, du Voyage aux Regions Equinox. 
tom. i. pp. 92-97; and Bouguer, Traits d'Optiqtte, pp. 360 
and 365. (Compare also Captain Beechey in the Manual 
o/ Scientific Enquiry for the use of the Royal Navy, 1849, 
p. 71.) 

'° The passage in Aristotle referred to by Buffon occurs in 
a work where we should have least expected to find it — De 
Oenerat. Animal,^ v. i. p. 780, Bekker. Literally trans- 
lated, it runs as follows: — "Keenness of sight is as much 
the power of seeing far, as of accurately distinguishing 
the differences presented by the objects viewed. These two 
properties are not met with in the same individuals. For 
he who holds his hand over liis eyes, or looks through a 
iubcy is not on that account more or less able to distinguish 
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tliat stars might occasiooally be seen from caverns and cisterns, 
as through tubes. Pliny alludes to the same circumstance, and 
mentions the stars that have been most distinctly recognized 
during solar eclipses. While practically engaged in mining 
operations I was in the habit, during many years, of passing a 
great portion of the day in mines where I could see the sky 
through deep shafts, yet I never was able to observe a star ; 
nor did I ever meet with any individual in the Mexican, 
Peruvian, or Siberian mines, who had heard of stars having 
been seen by day-light ; although in the many latitudes, in 
both hemispheres, in which I have visited deep mines, a suffi- 
ciently large number of stars must have passed the zenith to 
have afforded a favourable opportunity for their being seen. 
Considering this negative evidence, I am the more struck by the 
highly credible testimony of a celebrated optician, who in his 
youth saw stars by day-light, through the shaft of a chimney. ** 

differences of colour, although he will see objects at a greater 
distance. Hence it arises that persons in caverns or cisterns 
are occasionaUt/ enabled to see stars, ^* The Grecian 'Opvy/utara, 
and more especially (fypeara, are, as an eye-witness» Pro- 
fessor Franz, observes, subterranean cisterns or reservoirs 
which communicate with the light and air by means of a 
vertical shaft, and Mriden towards the bottom, like the neck 
of a bottle. Pliny (lib. ii. cap. 14) says, '* Altitude cogit 
minores videri Stellas ; affixas ccelo solis fulgor interdiu non 
comi, quum eeque ac noctu luceant ; idque manifestum fiat 
defectu soils et prcealtis putets.^' Cleomedes {Q/cL Theor,, 
p. 83, Bake) does not speak of stars seen by day, but 
asserts " that the sim, when observed from deep cisterns, 
appears larger, on account of the darkness and the damp 
air." 

a « ^^Q htiYQ ourselves heard it stated by a celebrated opti- 
cian that the earliest circumstance which drew his attention 
to astronomy, was the »regular appearance, at a certain hour, 
for several successive days, of a considerable star, through 
the shaft of a chimney." John Herschel, Outlines of Astr.y 
§ 61. The chimney-sweepers whom I have questioned agree 
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Phenomena, whose manifestation depends on the accidental 
concuirence of £Eiyounag circumstances, ought not to be dis-^ 
believed on account of their rarity. 

The same principle must, I think, be applied to the asser- 
tion of the profound investigator, Saussure, that stars have 
been seen with the naked eye in bright day-light, on the 
dedivity of Mont Blanc, and at an elevation of 12757 feet. 
'' Quelques-uns des guides m'ont assure avoir vu des 6toiles 
en plein jour; pour moi je n'y songeais pas, en sorte que je 
n'ai point kik le temoin de ce ph^nom^ne; mais r assertion 
umforme des guides ne me laisse aucun doute sur la rialiti. TL 
faut d'ailleurs ^tre enti^rement a Tombre d'une epaisseur con- 
siderable, sans quoi Tair trop fortement eclaire fait evanouir la 
faible clarte des etoiles." '' Several of the guides assured me,'' 
says this distinguished Alpine inquirer, " that they had seen 
stars at broad day-light ; not having myself been a witness of 
this phenomenon, I did not pay much attention to it, but the 
unanimous assertions of the guides left me no doubt of its 
reality. ^ It is essential, however, that the observer should 
be placed entirely in the shade, and that he should even have 
a thick and massive shade above his head, since the stronger 
light of the air would otherwise disperse the faint image of 
the stars." These conditions are therefore nearly the same as 
those presented by the cisterns of the ancients,and the chimneys 
above releired to. I do not find this remarkable statement 
(made on the morning of the 2nd of August, 1787,) in any 
other description of the Swiss mountains. Two well-informed. 



tolerably well in the statement that " they have never seen 
stars by day, but that, when observed at night, through deep 
shafts, the sky appeared quite near, and Üie stars larger." 
I will not enter uj)on any discussion regarding the connec- 
tion between these two illusions. 

^ Consult Saussure, Voyage dans lea Alpes, (Neuchatel, 
1779, 4to.) tom. iv. § 2007, p. 199. 
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admirable obecirers, tiie brothers Hermann and Adolph Schla. 
gentweit, who have recently explored the eastern Alps, as far 
as the summit of the Grross Glockner, (13016 feet,) were never 
able to see stars by daylight, nor could they hear any report of 
such a phenomenon having been observed amongst the goat* 
herds and chamois hunters. Although I passed many years 
in the Cordilleras of Mexico, Quito, and Peru, and .frequently 
in clear weather ascended, in company with Bonpland, to eleva- 
tions of more than fifteen or sixteen thousand feet above the 
level of the sea, I never could distinguish stars by day-light, 
nor was my friend Boussingault more successful in his subse- 
quent expeditions; yet the heavens were of an azure so 
intensely deep, that a cyanometer (made by Paul of Geneva,) 
which had stood at 39° when observed * by Saussure on 
Mont Blanc, indicated 46° in the zenith under the tropics at 
elevations varying between 17000 and 19000 feet." Under 
the serene etherially-pure sky of Cumana, in the plains near 
the sea-shore, I have frequently been able, after observing an 
eclipse of Jupiter's satellites, to find the planet again with the 
naked eye, and have most distinctly seen it when the sun's 
disc was fi^m 18° to 20° above the horizon. 

The present would seem a fitting place to notice, although 
cursorily, another optical i^enomenon, which I only observed 
once during my niunerous mountain ascents. Before simrise, 
on the 22nd of June, 1799, wl^n at Malpays, on the declivity 
of the Peak of Teneriffe, at an elevation of about 11400 feet 
above the sea's level, I observed, with the naked eye, stars 
near the horizon flickering with a singular oscillating motion. 
Luminous points ascended, moved laterally, and fell back to 
their former position. This phenomenon lasted only from 



•• Humboldt, Essai sur la Geographie des PhnteSy p. 103. 
Compare also my Voy, aux Regions iquinox,, tom. i. pp. 143, 
248. 
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seven to eight minutes, and ceased long before the sun's dise 
appeared above the horizon of the sea. The same motion was 
discernible through a telescope, and there was no doubt that 
it was the stars themselves which moved. ^ Did this change 
of position depend on the much contested phenomenon of 
lateral radiation? Does the undulation of the rising sun's 
disc, however inconsiderable it may appear when measured, 
present any analogy to this phenomenon in the lateral alteration 
of the sun's margin ? Independently of such a consideration, 
this motion seems greater near the horizon. This phenomenon 
of the undulation of the stars was observed almost half a cen- 
tury later at the same spot by a well-informed and obsei-ving 
traveller, Prince Adalbert, of Prussia, who saw it both with 
the naked eye and- through a telescope. I found the obser- 
vation recorded in the Prince's manuscript joiunal, where he 
had noted it down, before he learned, on his return &om the 
Amazon, that I had witnessed a precisely similar phenomenon.** 

^ Humboldt, in Fr. Von Zach's Monatliche Correspondenz 
zur Erd-und Himmels-Kunde, bd. i. 1800, s. 396; also Vot/, aux 
Reg. Squin., tom. i. p. 125. — " On croyait voir de petites fusees 
lancees dans I'air. Des points lumineux eleves de 7 ai 8 degres, 
paraissent d'abord se mouvoir dans le sens vertical, mais puis ^ 
se convertir en ime veritable oscillation horizontale. Ces' 
images lumineux etaient des images de plusieurs etoiles agran- 
dies (en apparence) par des vapeurs et revenant an meme 
point d'ou eUes etaient partis." " It seemed as if a number of 
small rockets were being projected in the air ; liuninous points, 
at an elevation of 7^ or 8°, appeared moving, first in a vertical, 
and then oscillating in a horizontal direction. These were the 
images of many stars, apparently magnified by vapours, and 
returning to the same point from which they had emanated." 

** Prince Adalbert of Prussia, Aus meinem Tagehuche^ 
1847, s. 213. Is the phenomenon I have described connected 
with the oscillations of 10' -12", observed by Carlini, in the 
passage of the Polar star over the field of the great Milan 
meridian telescope? (See Zach's Correspondance astrono- 
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I was" never able to detect any trace of lateral refraction on 
the declivities of the Ancles, or during the frequent mirages 
in the torrid plains or Llanos of South America, notwith- 
standing the heterogeneous mixture of unequally heated 
atmospheric strata. As the Peak of Teneriffe is so near us, 
and is so frequently ascended before sim-rise by scientific 
travellers provided with instruments, I would hope that this 
reiterated invitation on my part to the observation of the 
undulation of the stars may not be wholly disregarded. 

I have already called attention to the fact that the basis 
of a very important part of the astronomy of our planetary 
system was already laid before the memorable years 1608 and 
1610, and therefore before the great epoch of the invention of 
telescopic vision, and its application to astronomical purposes. 
The treasure ti-ansmitted by the learning of the Greeks and 
Arabs, was augmented by the careful and persevering labours 
of George Purbach, Regiomontanus («. e, Johann Müller) and 
Bernhard Walther of Nürnberg. To their efforts succeeded a 
bold and glorious development of thought — the Copemican 
system ; this again was followed by the rich treasures derived 
from the exact observations of Tycho Brahe, and the combined 
acumen and persevering spirit of calculation of Kepler. Two 
great men, Kepler and Galileo, occupy the most important 
turning-point in the history of measuring astronomy ; both 
indicating the epoch that separates observation by the 
naked eye, though aided by greatly improved instruments of 
measurement, from telescopic vision, Galileo was at that 
period forty-four, and Kepler thirty-seven years of age ; Tycho 

mique et giog,, vol.. ii. 1819, p. 84.) Brandes (Gehler's 
Umgearb, phys, W'ortersb^ bd. iv. s. 549) refers the pheno- 
menon to mirage. The star-like heliotrope light has also 
frequently been seen, by the admirable and skilful observer. 
Colonel Baeyer, to oscillate to and fro, in a horizontal 
direction. 
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Brahe, the most exact of the measuring astronomers of that 
great age, had been dead seven years. I have ahready men- 
tioned, in a preceding volume of this work (see p. 711), that 
none of Kepler's contemporaries, Galileo not excepted, be- 
stowed any adequate praise on the discovery of the three laws 
which have immortalised his name. Discovered by purely 
empirical methods, although more rich in results to the whole 
domain of science, than the isolated discovery of unseen cosmical 
bodies, these laws belong entirely to the period of natural 
viston, to the epoch of Tycho Brahe and his observations ; 
although the printing of the work entitled Astronomia nova 
seu Physica ccelestts de motibics Stella Äfartis, was not com- 
pleted until 1609, and the third law, that the squares of the 
periodic times of revolution of two planets are as the cubes of 
tüeir mean distances, was first fully developed in 1619, in the 
Harmonice Mundi, 

The transition from natural to telescopic vision which cha- 
racterizes the first ten years of the seventeenth century, was 
more important to astronomy (the knowledge of the regions of 
space), than the year 1492, (that of the discoveries of Columbus) 
in respect to our knowledge of terrestrial space. It not only in- 
finitely extended our insight into creation, but also, besides en- 
riching the sphere of human ideas, raised mathematical science 
to a previously unattained splendour, by the exposition of new 
and complicated problems. Thus the increased power of the 
organs of perception re-acts on the world of thought, to the 
strengthening of intellectual force, and the ennoblement of 
humanity. To the telescope alone we owe the discovery, in 
less than two-and-a-half centuries, of thirteen new planets, 
of four satellite-systems, (the four moons of Jupiter, eight 
satellites of Saturn, four, or perhaps six of Uranus, and one of 
Neptune), of the sun's spots and faculse, the phases of Venus, 
the form and height of the lunar moimtains, the wintry polar 
zones of Mars, the belts of Jupiter and Saturn, the rings of 
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the latter, the interior planetary comets of short periods of 
revolution, together with many other phenomena which like- 
wise escape the naked eye. While our own solar system, 
which so long seemed limited to six planets and one moon, 
has been enriched in the space of 240 years with the dis- 
coveries to which we have alluded ; our knowledge regarding 
successive strata of the region of the fixed stars has unexpect- 
edly bee:i still more increased. Thousands of nebulae, stellar 
swarms, and double stars, have been observed. The changing 
position of the double stars which revolve round one common 
centre of gravity has proved, like the proper motion of all 
fixed stars, that forces of gravitation are operating in those 
distant regions of space, as in oiir own limited mutually- 
disturbing planetary spheres. Since Morin and Gascoigne 
(not indeed till twenty-five or thirty years after the invention 
of the telescope,) combined optical arrangements with mea- 
suring instruments, we have been enabled to obtain more 
accurate observations of the change of position of the stars. 
By this means we are enabled to calculate, with the greatest 
precision, every change in the position of the planetary bodies, 
the ellipses of aberration of the fixed stars and their parallaxes, 
and to measure the relative distances of the double stars even 
when amoimting to only a few tenths of a seconds-arc. The 
astronomical knowledge of the solar system has gradually ex- 
tended to that of a system of the universe. 

We know that Galileo made his discoveries of Jupiter's 
satellites with an instrument that magnified only seven 
diameters, and that he never could have used one of a higher 
power than thirty-two. One himdred and seventy years later, 
we find Sir William Herschel, in his investigations on the 
magnitude of the apparent diameters of Arcturus (0"-2 within 
the nebula) and of Vega Lyr», using a power of 6500. Since 
the middle of the seventeenth century, constant attempts have 
been made to increase the focal length of the telescope. 
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Christian Huygens, indeed, in 1655, discovered the first 
satellite of Saturn, Titan (the sixth in distance from the 
centre of the planet), with a twelve-feet telescope ; he sub- 
sequently however examined the heavens with instruments of 
a greater focal length, even of 122 feet ; but the three object- 
glasses in the possession of the Royal Society of London, 
whose focal lengths are respectively 123, 170, and 210 feet, 
and which were constructed by Constantine Huygens, brother 
of the great astronomer, were only tested by the latter, as 
he expressly states,'** upon terrestrial objects. Auzout, who 
in 1663 constructed colossal telescopes without tubes, and 
therefore without a solid connexion between the object- 
glass and the eye-piece, completed an object glass, which, 
with a focal length of 320 feet, magnified 600 times.*'' 
The most useful application of these object-glasses, mounted 
on poles, was that which led Dominic Cassini, between the 
years 1671 and 1684, to the successive discoveries of tlie 
eighth, fifth, fourth, and third satellites of Saturn. He made 
use of object-glasses that had been groimd by Borelli, Cam- 
pani, and Hartsoeker. Those of the latter had a focal length 
of 266 feet. 

During the many years I passed at the Paris Observatory, 
I frequently had in my hands the instruments made by 
Campani, which were in such great repute during the reign 
of Louis XIV; and when we consider the faint light of 
Saturn's satellites, and the difficulty of managing instruments, 

^ The remarkable artistical skill of Constantin Huygens, 
who was private secretary to King William the Third, has 
only recently been presented in its proper light by Uyten- 
brock in the " Oratio de fratribus Christiano atque Constantino 
Hugenio, artis dioptricsB cultoribus," 1838; and by Prof. 
Kaiser, the learned director of the Observatory at Leyden 
(in Schumacher's Astron. Nachr,, no. 592, s. 246). 

" See Arago, in the Anmiaire pour 1844, p. 381. 
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worked by strings only," we cannot suflSciently admire the 
skill and the untiring perseverance of the observer. 

The advantages which were at that period supposed to be 
obtainable only by gigantic length, led great minds, as is 
frequently the case, to extravagant expectations. Auzout 
considered it necessary to refute Hooke, who is said to have 
proposed the use of telescopes having a length of upwards of 
10000 feet, (or neai-ly two miles,) ^ in order to see animals in 
the moon. A sense of the practical inconvenience of optical 
instruments having a focal length of more than a hundred 

* " Nous avons place ces grands verres, tantot sur un grand 
mat, tantot sur la tour de bois venue de Marly ; enfin nous 
les avons mis dans un tuyau monte sur im support en forme 
d'echelle ä ti-ois faces, ce qui a eu (dans la decouverte des 
satellites de Satume) le succes que nous en avions espere.'' 
"We sometimes mounted these great instruments on a 
high pole," says Dominique Cassini, " and sometimes on the 
wooden tower that had been brought &om Marly; and we 
also placed them in a tube moimted on a three-sided ladder, 
a method which*, in the discovery of the satellites of Saturn, 
gave us all the success we had hoped." Delambre, Hist, de 
rAstr, moderne^ torn. ii. p. 785. Optical instruments having 
such enormous focal lengths remind us of the Arabian instru- 
ments of measurement—quadrants with a radius of about 190 
feet, upon whose graduated limb the image of the sun was re- 
ceived as in the gnomon, through a small round aperture. Such 
a quadrant was erected at Samarcand, probably constructed 
after the model of the older sextants of Al-Chokandi (which 
were about 60 feet in height). Compare Sedillot, Prolego^ 
mknes des Tables d'Oloug, Beigh^ 1847, p. Ivii. and cxxix. 

^ See Delambre, Hist, de VAstr. mod., t. ii. p. 594. The 
mystic Capuchin ^lonk, Schyrle von Rheita, who how- 
ever was well versed in optics, had already spoken in his 
work, Oculus Enoch et Elice, (Antv. 1645) of the speedy prac- 
ticability of constructing telescopes that should magnify 4000 
times, by means of which the lunar mountains might be accu- 
rately laid down. Compare also Cosmos, vol. ii. p. 705 (note). 

VOL. III. a 
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feet, led, through the influence of Newton, (in following out 
the earlier attempts of Mersenne and James Gregory of 
Aberdeen,) to the adoption, especially in England, of shorter 
reflecting telescopes» The careful comparison made by Brad- 
ley and Pond, of Hadley's five-feet reflecting telescopes, with 
the refractor constructed by Constantin Huygens, (which 
had, as already observed, a focal length of 123 feet,) fuUy 
demonstrated the superiority of the former. Short's expen- 
sive reflectors were now generally employed until 1759^ when 
John Dollond's successful practical solution of the problem of 
achromatism, to which he had been incited by Leonhard 
Euler, and Klingenstiema, again gave preponderance to 
refracting instnmients. The right of priority which appears 
to have incontestably belonged to the mysterious Chester 
More, Esq., of More Hall in Essex, (1729,) was first made 
known to the public, when John DoUond obtained a patent 
for his achromatic telescopes.^ 

The triumph obtained by refracting instruments was not, 
however, of long duration. In eighteen or twenty years 
after ^e construction of achromatic instruments by John 
Dollond, by the combination of crown with flint glass, new 
fluctuations of opinion were excited by the just admiration 
awarded, both at home and abroad, to the immortal labours 
of a German, William Herschel. The construction of numerous 
seven-feet and twenty-feet telescopes, to which powers of from 
2200 to 6000 could be applied, was followed by that of his 
forty-feet reflector. By this instrument he discovered, in 
August and September, 1 789, the two innermost satellites of 
Saturn — Enceladus, the second in order, and soon afterwards, 
Mimas, the first or the one nearest to the ring. The dis- 
covery of the planet Uranus in 1 781, was made with Herschel's 
seven-feet telescope, while the faint satellites of this planet 

** Edinh, Encyclopedia^ vol. xx. p. 479. 
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were first observed by him in 1787, with a twenty-feet ^^ front 
vtlßM?" reflector." The perfection, imattained till then, which 
this great man gave to his reflecting telescopes, in which light 
was only once reflected, led, by the uninterrupted labour of 
more than forty years, to the most important extension of all 
departments of physical astronomy in the planetary spheres, 
no less than in the world of nebulee and double stars. 

The long predominance of reflectors was followed, in the 
earlier part of the nineteenth century, by a successful emula- 
tion in the construction of achromatic refractors^ and helvQ^ 
meters^ paralactically moyed by clockwork. A homogeneous, 
perfectly smooth flint-glass, for the construction of object- 
glasses of extraordinary magnitude, was manufactured in the 
institutions of Utzschneider and Fraunhofer at Munich, and 
subsequently in those of Merz and Mahler ; and in the esta- 
blishments of Guinand and Bontems, (conducted for MM. Lere- 
bours and Cauchoix,) in Switzerland and France. It will be 
sufficient in this historical sketch to mention, by way of 
example, the large refractors made under Fraunhofer's direc- 
tions for the Observatories of Dorpat and Berlin, in which 
the clear aperture was 9*6 inches in diameter, with a focal 
length of 14'2 feet, and those executed by Merz and Mahler, 
for the Observatories of Pulkowa and Cambridge, in the 
United States of America;® they are both adjusted with 

" Consult Struve, Etudes d'Astr. stettaire, 1847, note 59, 
p. 24. I have retained the designations of forty, twenty, and 
seven-feet Herschel reflecting telescopes, although in other 
parts of the work (the original German) I have used French 
measurements. I have adopted these designations not merely 
on account of their greater convenience, but also because they 
have acquired historical celebrity from the important labours 
both of the elder and younger Herschel in England, and of 
the latter at Feldhausen, at the Cape of Good Hope. 

^ SeeSchumacher's-45^r.iVacAr.,no. 371 and 611. Cauchoix 
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object-glasses of 15 inches in diameter, and a focal length 
of 22-f5 feet. The heliometer at the Königsberg Observatory, 
which continued for a long time to be the largest in exist- 
ence, has an aperture of 6*4 inches in diameter. This in- 
strument has been rendered celebrated by the memorable 
labours of Bessel. The well-illuminated and short dyalitic 
refractory which were first executed by Plösl in Vienna, and 
the advantages of which were almost simultaneously recognized 
by Rogers in England, are of sufficient merit to warrant their 
construction on a large scale. 

During this period, to the efltorts of which I have referred, 
because they exercised so essential an miiuence on the ex- 
tension of cosmical views, the improvements made in instru- 
ments of measurement (zenith sectors, meridian circles, and 
micrometers) were as marked in respect to mechanics as they 
were to optics and to the measurement of time. Among the 
many names distinguished in modem times in relation to in- 
struments of measurement, we will here only mention those 
of Ramsden, Troughton, Fortin, Reichenbach, Gambey, Ertel, 
Steinheil, Repsold, Pistor, and Oertling ; in relation to chrono- 
meters and astronomical pendulum clocks, we may instance 
Mudge, Arnold, Emery, Eamshaw, Breguet, Jüi^ensen, 
Kessels, Winnerl, and Tiede ; while the noble labours of 
William and John Herschel, South, Struve, Bessel, and 
Dawes, in relation to the distances and periodic motions of 
the double stars, specially manifest the simultaneous perfec- 
tion acquired in exact vision and measurement. Struve' s 
classification of the double stars gives about 100 for the 
number whose distance from one another is below 1", and 336 



and Lerebours have also constructed object-glasses of more 
than 13*3 inches in diameter, and nearly 25 feet focal 
length. 
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for those between 1" and 2"; the measurement in every 
case being several times repeated." 

During the last few years, two men, unconnected with any 
industrial profession — ^the Earl of Hosse, at Parson's Town, 
(about fifty miles west of Dublin,) and Mr. Lassell, at Star- 
field, near Liverpool, have, with the most unbounded liberality, 
inspired with a noble enthusiasm for the cause of science, 
constructed under their own immediate superintendence 
two reflectors, which have raised the hopes of astionomers 
to the highest degree.** Lassell's telescope, which has an 
aperture only two feet in diameter, with a focal length 
of twenty feet, has already been the means of discovering 
one satellite of Neptune, and an eighth of Saturn, besides 

^ Struve, Stellarum dupUcium et multiplicium Mensura 
mtcrometnctB, pp. 2, 41. 

** Mr. Airy has recently given a comparative description 
of the methods of constructing these two telescopes, including 
an account of the mixing of the metal, the contrivances 
adopted for casting and polishing the specula and moimting 
the instruments ; Abstr, of the Astr, /Sbc, vol. ix. no. 5, March, 
1 849. The effect of Lord Hosse's six-feet metallic reflector, 
is thus referred to. (p. 120.) "The Astronomer Royal, Mr. 
Airy, alluded to the impression made by the enormous light 
of the telescope : partly by the modifications produced in 
the appearances of nebulsB already figured, partly by the great 
number of stars seen even at a distance jfrom the Milky Way, 
and partly from the prodigiou» brilliancy of Saturn, The 
account given by another astronomer of the appearance of 
Jupiter was, that it resembled a coach-lamp in the telescope ; : 
and this well expresses the blaze of light which is seen in 
the instrument.'* Compare also Sir John Herschel, Outl, of 
Astr,^ § 870. " The sublimity of the spectacle afforded by 
the magnificent reflecting telescope constructed by Lord 
Bosse of some of the larger globular clusters of nebulee is 
declared by all who have witnessed it, to be such as no 
words can express. This telescope has resolved or rendered 
resolvable multitudes of nebulas which had resisted all inferior 
powers." 
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wbich two sateUites of Uranus have been again distinguislied. 
The new colossal telescope of Lord Rosse has an aperture of 
six feet, and is fifty-three feet in length. It is mounted in the 
meridian between two walls, distant twelve feet on either 
side from the tube, and from forty-eight to fifty-six feet in 
height. Many nebulae, which had been irresolvable by any 
previous instruments, have been resolved into stellar swarms 
by this noble telescope; while the forms of other nebulsa 
have now, for the first time, been recognized in their true 
outlines. A marvellous effiilgence is poured forth from the 
speculum. 

The idea of observing the stars by daylight with a tele- 
scope first occurred to Morin, who with Gascoigne (about 1638, 
before Picard and Auzout) combined instruments of measure- 
ment with the telescope. Morin himself says,*" " It was not 
Tycho's great observations in reference to the position of the 
fixed stars, when, in 1582, twenty-eight years before the in- 
vention of the telescope, he was led to compare Venus by day 
with the sun, and by night with the stars," but '* the simple 
idea that Arctums and other fixed stars might, like Venus, when 
once they had been fixed in the field of the telescope before 
sunrise, be followed through the heavens, after the sun had 
risen, that led him to a discovery which might prove of impor- 
tance for the determination of longitude at sea.'' No one was 
able before him to distinguish the fixed stars in the presence of 
the sun. Since the employment, by Homer, of great meridian 
telescopes in 1691, observationa of the stars by day have 
been frequent and fruitful in results, having been, in some^ 
cases, advantageously appHed to the measurement of the 
double stars. Struve states'* that he has determined the 
smallest distances of extremely faint stars in the Dorpat 

I ■ ■■ . I I 1 1 1 I 1 1 I I .III». 

*• Delambre, Hut de P Astron, modsme^ t; ii. p. 255. 
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refractor, with a power of only 320, in so bright a crepus« 
cular light, that he could read with ease at midnight. Tho 
polar star has a companion of the 9th magnitude, which is 
situated at only 18'' distance : it was seen by day in the Dor- 
pat refracting telescope, by Struve and Wrangel,^ and was in 
like manner observed on one occasion by Encke and Argc- 
lander. 

Many conjectures have been hazarded regarding the cause 
of the great power of the telescope at a time when the dif- 
fused light of the atmosphere, by multiplied reflection, exerts 
an obstructing action.^ This question, considered as an 



^ Schumacher's Jahrbuch für 1839, s. 100. 

^ La lunUere aimospherique diffuse ne peut s'expliquer 
par le reflet des rayons solaires sur la surface de separation 
des couches de diflerentes densites dont on suppose Tatmos- 
ph^re composee. En effet, supposons le soleil place a 
rhorizon, les surfaces de separation dans la direction du 
zenith seraient horizontales, par consequent la reflexion serait 
horizontale aussi, et nous ne verrions aucime lumi^re bxl 
zenith. Dans la supposition des couches, aucun rayon ne. 
nous arriverait par voie d'tme premiere reflexion. Ce ne 
seraient que les reflexions multiples qui pourraient agir. 
Done pour expHquer la luimere diffuse^ il faut se flgurer 
Tatmosphere composee de molecules (spheriqnes, par exemple) 
dont chacune donne une image du soleil k peu pr^s conune 
les boules de verres que nous pla9ons dana nos jardins. L'air 
pur est bleu, parceque d'apres Newton, les molecules de 
Tair ont VipaUseur qui convi^it a la reflexion des rayons • 
bleus. n est done naturel que les petites images du soleil que 
de tons cotes r^flechissent les molecules ^heriques de I'air et 
qui sent la lumi^re difluse aient une teinte bleue : mais ce 
bleu n'est pas du bleu pur, c'est un blanc dans lequel le. bleu 
predomine. Lorsque le ciel n'est pas- dans toute aa puret^ et 
que Fair est mele de vapeurs visibles, la lumi^re difluse 
regoit beaucoup de blanc« Comme la luna est jaune, le bleu 
de Tair pendaxit la nuitest un peu verdatre, c'est-a-dire, m^f^ 
lax^e de bleu et de jaune." 

Wa cannot exf^ui .the diffusion^ ^ aimospheric lights bj. 
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optical problem, excited the strongest interest in the mind of 
Bessel, whose too early death was so unfortunate for the 
cause of science. In his long correspondence with myself, he 
frequently reverted to this subject, admitting that he could not 
arrive at any satisfactory solution. I feel confident it wiU not 
be unwelcome to my readers, if I subjoin, in the form of a note, 
some of the opinions of Arago,** as expressed in one of the 

the reflection of solar rays on the surface of separation of the 
strata of different density, of which we suppose the atmo- 
sphere to be composed. In fact, if we suppose the sun to be 
situated on the hoiizon^ the surfaces of separation in the 
direction of the zenith will be horizontal, and consequently 
the reflection would likewise be horizontal, and we should 
not be able to see any light at the zenith. On the supposi- 
tion that such strata exist, no ray would reach us by means 
of direct reflection. Repeated reflections would be necessary 
to produce any eflfect. In order, therefore, to explain the 
phenomenon of diffused light, we must suppose the atmo- 
sphere to be composed of molecules (of a spherical form, 
for instance), each of which presents an image of the 
sun somewhat in the same manner as an ordinary glass 
ball. Pure air is blue, because, according to Newton, 
the molecules of the air have the thickness necessary to 
reflect blue rays. It is therefore natural that the small 
images of the sun, reflected by the spherical molecules of the 
atmosphere, should present a bluish tinge; this colour is not, 
however, pure blue, but white, in which the blue predomi- 
nates. When the sky is not perfectly pure and the atmo- 
sphere is blended with perceptible vapours, the di&sed light 
is mixed with a large proportion of white. As the moon is 
yellow, the «blue of the air assumes somewhat of a greenish 
tinge by night, or, in other words^ becomes blended with 
yQ^Qvrr—MSS. 0/1847. 

^ D'un des Effets des Lunettes sur la Visibility des etoiles. 
{Lettre de M, Arago d M, de Humboldt en D6c, 1047.) 

" L'oeil n'est dou6 que d'une sensibility circonscrite, bomee. 
Quand la lumi^re qui frappe la retine, n*a pas assez d'inten- 
site, Toeil ne sent rien. C'est par im manque d'intensite que 
beaucoup d'itoiles^ m^me dans les nuits leg plus profondes 
^chappent ä nos. observations. Les lunettes ont pour eflet. 
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numerous manuscripts to which I was permitted free access 
during my frequent sojourn in Paris. According to the inge- 
nious explanation of my friend, high magnifying powers facili- 
tate the discovery and recognition of the fixed stars, since 

qtmnt aux etoiles, d'augmenter Tintensite de Timage. Le 
iaisceau cylindrique de rayons paralleles venant d'une ^toile, 
qui s'appuie sur la surface de la lentille objective, et qui a 
cette surface circulaire pour base, se trouve considerable- 
ment resserre k la sortie de la lentille oculaire. Le diam^tre 
du premier cylindre est au diamdtre du second, comme la 
distance focale de Tobjectif est ä la distance focale de 1' ocu- 
laire, ou bien comme le diam^tre de Tobjectif est au dia- 
mdtre de la portion d* oculaire qu'occupe le faisceau emergent. 
Les intensites de limn^re dans les deux cylindres en question 
(dans les deux cylindres, incident et emergent) doivent etre 
entr*elles comme les etendues superficielles des bases. Ainsi la 
lami^re emergente sera plus condensee, plus intense que la 
lumi^re naturelle tombant sur Tobjectif, dans le rapport de la 
surface de cet objectif k la surface circulaire de la base du fais- 
ceau emergent. Le &isceau emergent^ quand la lunette grossit^ 
etant plus ^troit que le faisceau cylindrique qui tombe sur 
Tobjectif, il est Evident que la pupille, quelle que seit son 
Ouvertüre, recueillera plus de rayons par I'intermediaire de la 
lunette que sans eile. La lunette augmentera done toujours 
rintensite de la lumi^re des dtoiles, 

" Le cas* le plus favorable, quant a Teffet des lunettes, est 
evidemment celui ou Tceil re9oit la totality du faisceau emer- 
gent, le cas ou ce faisceau a moins de diam^tre que la pupille. 
Alors toute la lumikre que Tobjectif embrasse, conco\u*t, par 
Tentremise du tMescope, ä la formation de Fimage. A Toeil 
nu, au eontraire, une portion seule de cette m^me lumi^re est 
mise ä profit; c'est la petite portion que la surface de la 
pupille decoupe dans le faisceau incident naturel. L'inten- 
site de Tiraage telescopique d'une 6toile est done ä Tintensite 
de rimage a Toeil nu, comme la surface de V objectif est ä celle 
de la pupille. 

" Ce qui precede est relatif k la visibilite d'un seul pointy d'une 
seule etoile. Venous 4 T observation d'lm objet ayant des 
dimensions angulaires sensibles, k Tobservation d-'une plankte. 
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they convey a greater quantity of intense light to the eye 
mthout perceptibly enlarging the image ; while, in accordance 
with another law, they influence the aerial space on which 
the fized star is projected. The telescope, by separating, 

Dans les cas les plus &yorables, c'est-a-dire lorsque la pupille 
reQoit la totalite du pinceau emei^ent, Fintensite de Timage 
de chaqtie point de la plannte se caloulera par la proportion 
que nous venons de donner. La quantity totale de lumiire 
ccmcourant a former P ensemble de Timage a Toeil nu, sera done 
aussi ä la quantiti totale de lumüre qui forme I'image de la 
planete ä I'aide d'une lunette, comme la surface de la pupille 
est ä la surface de Tobjectif. Les intensites comparatives, 
non plus de points isoles, mais des deux images d'une planete, 
qui se forment sur la ratine a Toeil nu, et par Tintermediaire 
d*une lunette, doivent evidemment diminuer proportionnelle- 
ment aux itendtces superficielles de ces deux images. Les 
dimensions liniaires des deux images sont entr'elles comme le 
diametre de Tobjectif est au diam^tre du faisceau Emergent. 
Le nombre de fois que la surface de Timage ampliflee surpasse 
la surface de Timage a Toeil nu, s*obtiendra done en divisant 
le carr6 du diametre de Vohjectif par le carre du diamktre du 
faisceau Emergent, oubien la surface de Vohjectif par la surface 
de la base circulaire du faisceau inter gent. 

" Nous avons deja obtenu le rapport des quantitis totales de 
lumiSre qui engendrent les deux images d'une plannte, en divi- 
sant la surface de I'objectif par la surface de la pupille. Ce 
nombre est plus petit que le quotient auquel on arrive en 
divisant la surface de robfeetif par la surface du faisceau imer^ 
gent, H en resulte, quant aux planstes,. qu*une lunette j&it 
moins gagner en intensite de lumi^re, qu*elle ne fiiit perdre en 
agrandissant la surface des images sur la retine ; Tintensite. 
de ces images doit done aller continuellement en s'aflaiblissant 
ä mesure que le pduvoir ampliflcatif de la lunette ou du 
t^escope s'accroit. 

'^ L'atmosph^re pent ^tre consideree comme une plannte ä. 
dimensions ind^finies. La portion qu*on en verra dans une 
lunette, subira done aussi la loi d'aflkihlissement que nous 
vpnons d'indiquer. , Le rapport entre Tintensit^ de la lumiire 
d!uxiß plannte et le champ de himi^^ atmosph^rique ^ ix9,Y&:^: 
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as it were, the illiuninated particles of air sunotmding 
the object-glass, d^kens the field of view, and dimimshea 
the intensity of its illumination. We are enabled tot 
see, however, only by means of the difference between the 

lequel on la verra, sera le m^me ä Tobü nn et dans les lunette» 
de touß les grossissements, de toutes les dimensions. Les. 
lunettes, sous le rapport de rintensitdy ne fayonsent done pas 
la yisibüite des planstes. 

'*■ II n'en est point ainsi des etoiles, L'intensit6 de I'image 
d'une etoile est plus forte avec une lunette qu'a roeil nu ; au 
contraire, le champ de la vision, imiformement ^claire dans 
les deux cas par la lumi^re atmospherique, est plus clair k 
Toeil nu que dans la lunette. II y a done deux raisons, sans 
sortir des considerations d'intensite, pour que dans une limette 
rimage de 1' etoile predomine sur celle de Tatmosphere, notable- 
ment plus qu'sl Tceil nu. 

'' Cette predominance doit aller graduellement en aug* 
mentant avec le grossissement. En effet, abstraction faite de 
certaine augmentation du diametre de T etoile, consequence 
de divers effets de diffraction ou ^interfirences^ abstraction 
faite aussi d'une plus forte reflexion que la lumi^ subit sur 
les surfaces plus obliques des oculaires de tr^s courts foyers, 
VintensitS de la lumiere de Vitoile est constante tant queTouver- 
turc de Tobjectif ne varie pas. Comme on Ta vu, la clartd du 
champ de la lunette, au contraire, diminue sans cesse k mesure 
que le pouvoir amplificatif s'accroit. Done toutes autres 
circonstances restant egales, ime etoile sera d'autant plus 
visible, sa predominence sur la lumiere du champ du telescope 
sera d'autant plus tranch^e qu'on feia usage d'un grossisse- 
ment plus fort" 

" The eye is endowed with only a limited sensibility ; fop 
when the light which strikes the retina is not sufficiently 
strong, the eye is not sensible of any impression. In con* 
sequence of deficient intensity, many stars escape our ob- 
servation, even in the darkest nights. . Telescopic glasses 
h^ve the efieot of augmenting the intensity of the images of 
the stars. The cylindrical pencil of parallel rays emanating 
from a star, and striking the surface of the object-glass, on. 
whose circular, surface it rests as. <on a. base,, is considerably; 
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light of the fixed star and of the aerial field or the mass of air 
which surrounds the star in the telescope. Planetary discs 
present Very different relations from the simple ray of the 
image of a fixed star ; since, like the aerial field {ratr aertenne), 

contracted on emerging from the eye-piece. The diameter of 
the first cylinder is to that of the second as the focal distance 
of the object-glass is to the focal distance of the eye-piece, 
or as the diameter of the object-glass is to the diameter of 
the part of the eye-piece covered by the emerging rays. The 
intensities of the light in these two cylinders (the incident and 
emerging cylinders) must be to one another as the superficies 
of their bases. Thus, the emerging light will be more con- 
densed, more intense, than the natural light falling on the 
object-glass, in the ratio of the surface of this object-glass to 
the circular surface of the base of this emerging pencil. As 
the emerging pencil is narrower in a magnifying instrument 
than the cylindrical pencil falling on the object-glass, it is 
evident that the pupil, whatever may be its aperture, will 
receive more rays, by the intervention of the telescope, than 
it could without. The intensity of the light of the stars will, 
therefore, always be augmented, when seen through a telescope. 

" The most fiivourable condition for the use of a telescope 
is undoubtedly that in which the eye receives the whole of 
the emerging rays, and, consequently, when the diameter of 
the pencü is less than that of the pupil. The whole of the light 
received by the object-glass then co-operates, through the 
agency of the telescope, in the formation of the image. In 
natural vision, on the contrary, a portion only of this light is 
rendered available, namely, tiie small portion which enters 
the pupil naturally firom the incident pencil. The intensity of 
the telescopic image of a star is, therefore, to the intensity 
of the image seen with the naked eye, as the surface of the 
ohject-glass is to that of the pupil, 

"The preceding observations relate to the visibility of 
one point, or one star. We will now pass on to the conside- 
ration of an object having sensible angular dimensions, as, 
for instance^ a planet. Under the most favourable conditions 
of vision, that is to say, when the pupil receives the whole 
of the emerging pencil, the intensity of each point of the 
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they lose in intensity of light by dilatation in the magnifying 
telescope. It must be further observed, that the apparent 
motion of the fixed star, as well as of the planetary disc, is 
increased by high magnifying powers. This circumstance may 

planet's image may be calculated by the proportions we have 
already given. The total qtiafitity of light contributing to 
form the whole of the image, as seen by the naked eye, will, 
therefore, be to the total quantiti/ of tiie light forming the 
image of the planet by the aid of a telescope, as the surface 
of the pupil is to the surface of the object-glass. The com- 
parative intensities, not of mere isolated points, but of the 
images of a planet formed respectively on the retina of the 
naked eye, and by the intervention of a telescope, must evidently 
diminish proportionally to the superficial extent of these two 
images. The linear dimensions of the two images are to one 
atfother as the diameter of the object-glass is to that of t\\e 
emerging pencil. We therefore obtain the number of times 
that the surface of the magnified image exceeds the surface 
of the image when seen by the naked eye by dividing the 
square of the diameter of the ohfect-glass hy the square of the 
diameter of the emerging pencil, or rather the surface of the 
ohject-glass hy the surface of the circular base of the emerging 
pencil, 

" By dividing the surface of the object-glass by the surface 
of the pupil, we have already obtained the ratio of the total 
quantities of light produced by the two images of a planet. 
This number is lower than the quotient which we obtain by 
dividing the surface of the object-glass by the surface of the 
emerging pencil. It follows, therefore, with respect to 
planets, that a telescope causes us to gain less in intensity of 
light than is lost by magnifying the surface of the images on 
the retina; the intensity of these images must therefore 
become continually fainter, in proportion as the magnifying 
power of the telescope increases. 

"The atmosphere may be considered as a planet of indefinite 
dimensions. The portion of it that we see in a telescope 
will therefore also be subject to the same law of diminution 
that we have indicated. The relation between the intensity of 
the light of a planet and the field of atmospheric light through 
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facilitate the recf^nition of objects by day, in instruments 
whose movements are not regulated paralactically by clock- 
work, so as to follow the diurnal motion of the heavens. 
DifFerent points of the retina are successively excited. " Very 
faint shadows are not observed,** Arago elsewhere remarks, 
"imtil we can give them motion.'* 

In the cloudless sky of the tropics, during the driest season 

which it is seen, will be the same to the naked eye and in 
telescopes, whatever may be their dimensions and magnifying 
powers. Telescopes, therefore, do not favour the visibility of 
planets in respect to the intensity of their light. 

" The same is not the case with respect to the stars. The 
intensity of the image of a star is greater when seen with 
the telescope than with the naked eye ; the field of vision, 
on the contrary, uniformly illumined in both cases by the 
atmospheric light, is clearer in natural than in telescopic 
vision. There are two reasons then, which, in connexion 
with the consideration of the intensity of light, explain why 
the image of a star preponderates in a telescope rather than 
in the naked eye over that of the atmosphere. 

"This predominance must gradually increase with the 
increased magnifying power. In fact, deducting the constant 
augmentation of the star's diameter, consequent upon the 
different effects of diflfraction or interference, and deducting 
also the stronger reflection experienced by the light on the 
more oblique surfaces of ocular glasses of short focal lengths, 
the mtenstty of the light of the star is constant^ as long as the 
aperture of the object-glass does not vary. As we have 
already seen, the brightness of the field of view, on the con- 
trary, diminishes incessantly in the same ratio in which the 
magnifying power increases. All other circimistances, there- 
fore, being equal, a star will be more or less visible, and its 
prominence on the field of the telescope will be more or less 
marked, in proportion to the magnifying powers we employ." 
Arago, Manuscript o/'1847. 

I will further add the following passage from the Annuaire 
du Bureau des Long» pour 1846 (Notices Scient, par M, Arago), 
p. 381. 
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of the year, I have frequently been able to find the pale disc 
of Jupiter with one of Dolland's telescopes, of a magnifying 
power of only 95, when the sun was already from 15° to 18° 
above the horizon. The diminished intensity of the light 
of Jupiter and Saturn, when seen by day in the great BerHn 
refractor, especially when contrasted with the equally reflected 
light of the inferior planets, Venus and Mercury, frequently 
excited the astonishment of Dr. Galle. Jupiter's occul- 

*' L' experience a montr6 que pour le commim des hommes, 
deux espaces eclaires et contigus ne se distinguent pas Tun 
de Tautre, ä moins que leurs intensites comparatives ne pre- 
sentent, au minimum, une diflfierence de ^. Quand une lu- 
nette est toum^e vers le firmament, son champ semble imi- 
formement eclaire : c*est qu' alors il existe, dans un plan 
passant par le foyer et perpendiculaire k I'axe de I'objectif, ime 
image indißnie de la region atmospherique vers laquelle la 
lunette est dirigee. Supposons qu'un astre, c*est-a-dire un objet 
situ^ bien au-delä de Tatmosph^re, se trouve dans la direction de 
la lunette : son image ne sera visible qu'autant qu'elle augmen- 
tera de •^, au moins, I'intensite de la portion de Timage 
focale indißnie de Tatmosphere, sur laquelle sa propre image 
limitee ira se placer. Sans cela, le champ visuel continuera a 
paraitre partout de la meme intensite." 

" Experience has shown that, in ordinary vision, two illu- 
minated and contiguous spaces >cannot be distinguished from 
each other, unless their comparative intensities present a mini- 
miun difference of -^th . When a telescope is directed towards 
the heavens, its field of view appears imiformly illumined : 
there then exists in a plane passing through the focus, and 
perpendicular to the axis of the object-glass, an indefinite 
image of the atmospheric region towards which the instru- 
ment is pointed. If we suppose a star, that is to say, an object 
very far beyond the atmosphere, situated in the direction 
of the telescope, its image will not be visible, except it exceed, 
by at least ^th, the intensity of that portion of the indefinite 
focal image of the atmosphere on which its limited proper 
image is thrown. Otherwise, the visual field will continue to 
appear everywhere of the same intensity." 
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tations have occasionally been observed by daylight, with 
the aid of powerful telescopes, as in 1792, by Flaugergues, and 
in 1820, by Struve. Argelander (on the 7th of December, 
1849, at Bonn) distinctly saw three of the satellites of 
Jupiter, a quarter of an hour after sunrise, with one of Fraun- 
hofer's five-feet telescopes. He was unable to distinguish 
the fourth; but, subsequently, this and the other satellites 
were observed emerging from the dark margin of the moon, 
by the assistant-astronomer, Schmidt, with the eight-feet helio- 
meter. The determination of the limits of the telescopic 
visibility of small stars by daylight, in different climates, 
and at different elevations above the sea*s level, is alike 
interesting in an optical and a meteorological point of 
view. 

Among the remarkable phenomena whose causes have been 
much contested, in natural as well as in telescopic vision, we 
must reckon the nocturnal scintillation of the stars. Ac- 
cording to Arago's investigations, two points must be spe- 
cially distinguished in reference to this phenomenon*** — 



^ The earliest explanations given by Arago of scintillation 
occur in the appendix to the 4th book of my Voyage atix 
Regions dguinoxtales, tom. i, p. 623. I rejoice that I am able 
to enrich this section on natural and telescopic vision, with 
the following explanations, which, for the reasons abeady as- 
signed, I subjoin in the original text. 

Des causes de la scintillation des etoiles, 

" Ce qu'il y a de plus remarquable dans le phenomene de 
la scintillation, c*est le changement de couleur. Ce change- 
ment est beaucoup plus frequent que 1' observation ordinaire 
rindique. En effet, en agitant la lunette, on transforme 
I'image dans une ligne ou im cercle, et tons les points de cette 
ligne ou de ce cercle paraissent de couleurs diflferentes. C'est 
la resultante de la superposition de toutes ces images que Ton 
voit, lorsqu'on laisse la limette immobile. Les rayons qui se 
r^unissent au foyer d'une lentille, vibrent d'accord ou en 
desaccord, s'ajoutent ou se detruisent, suivant que les couches 
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Firstly, Change in the intensity of the light, from a sudden de- 
crease to perfect extinction and rekindling; Secondly, Change 
of colour. Both these alterations are more intense in reality 
than they appear to the naked eye; for when the several 
points of the retina are once excited, they retain the impression 
of light which they have received, so that the disappearance, 

qu'ils ont traversees, ont telle ou telle refringence. L'ensemble 
des rayons rouges pent se detruire seul, si ceux de droite et de 
gauche, et ceux de haut et de has, ont traverse des milieux 
inegalement refringents. Nous avons dit seul, parceque la 
difference de refringence qui correspond ä la äestruction du 
rayon rouge, n'est pas la meme que celle qui am^ne la de- 
struction du rayon vert, et reciproquement. Maintenant, si 
des rayons rouges sont detruits, ce qui reste sera le blanc 
moins le rouge, c'est-ä-dire du vert. Si le vert au contraire 
est detruit par interference, 1' image sera du blanc moins le vert, 
c'est-a-dire du rouge. Pour expliquer pourquoi les planetes 
ä grand diametre ne scintillent pas ou tr^s peu, il faut se rap- 
peler que le disque pent etre considere comme une aggregation 
d'etoiles ou de petits points qui scintillent isol^ment ; mais 
les images de differentes couleurs que chacun de ces points 
pris isolement donnerait, empietant les unes sur les auti'es, 
formeraient du blanc. Lorsqu'on place un diaphragme ou un 
bouchon perce d*im trou sur Tobjectif d'une lunette, les 6toiles 
acquierent un disque entoure d'une serie d'anneaux lumineux. 
Si Ton enfonce I'oculaire, le disque de I'etoile augmente de 
diametre, et il se produit dans son centre un trou obscur ; si on 
Tenfonce davantage, un point lumineux se substitue au point 
noir. Un nouvel enfoncement donne naissance ä im centre 
noir, etc. Prenons la lunette lorsque le centre de 1' image est 
noir, et visons ä une etoile qui ne scintille pas : le centre 
restera noir, comme il I'etait auparavant. Si au contraire on 
dirige la lunette ä une etoile qui scintille, on verra le centre 
de rimage liunineux et obscur par intermittence. Dans la 
position 0Ü le centre de I'image est occupe par un point lumi- 
neux, on verra ce point disparaitre et renaitre successivement. 
Cette disparition ou reapparition du point central est la preuve 
directe de Vinter/erence variable des rayons. Pour bien con- 
cevoir 1' absence de Ixmiidre au centre de ces images dilatees, 

TOL. III. H 
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obscuration, and change of colour, in a star, are not perceived 
by us to their fhll extent. The phenomenon of scintillation 
is more strikingly manifested in the telescope, when the 
instrument is shaken, for then different points of the retina 
are successiyely excited, and coloured and frequently inter- 
rupted rings are seen. The principle of interference explains 

il faut se rappeler que les rayons reguli^rement refractes par 
Tobjectif ne se r^unissent et ne peuvent par consequent 
interfh'er qu'au foyer : par consequent les images dilatees que 
ces rayons peuvent produire, resteraient toujours pleines (sans 
trou). Si dans une certaine position de I'oculaire un trou se 
präsente au centre de Timage, c*est que les rayons reguliere- 
ment refractes interßrent avec des rayons diffracUs sur les 
bords du diaphragme circulaire. Le ph^nom^ne n'est pas 
constant, parceque les rayons qui interförent dans un certain 
moment, n'interfdrent pas \m instant apr^s, lorsqu'ils ont 
traverse des couches atmosph^riques dont le pouvoir refringent 
a varie. On trouve dans cette experience la preuvc manifeste 
du role que joue dans le phenom^ne de la scintillation Tinegale 
r^frangibilite des couches atmospheriques traversees par les 
rayons dont le fäisceau est tr^s 6troit. II resulte de ces 
considerations que Texplication des scintillations ne pent etre 
rattach^e qu'aux phenomenes des interßrences lumineuses. 
Les rayons des etoiles^ apr^s avoir traverse une atmosphere 
0Ü il existe des couches inegalement chaudes, inegalement 
denses, inegalement humides, vont se r^unir au foyer d'une 
lentille, pour y former des images d'intensit6 et de couleura 
perpetuellement changeantes, c'est-ä-dire des images telles 
que la scintillation les presente. II y a aussi scintillation hors 
du foyer des lunettes. Les explications proposees par Galileo, 
Scaliger, Kepler, Descartes, Hooke, Huygens, Newton et John 
Michell, que j'ai examine dans im memoire präsente a 
r Institut en 1840 fComptes rendus, t. x. p. 83), sont inad- 
missibles. Thomas Young, auquel nous devons les premieres 
lois des interferences, a cm inexplicable le ph^om^ne de la 
scintillation. La faussete de Tancienne explication par des 
vapeurs qui voltigent et deplacent, est d^jd prouvee par la 
circonstance que nous voyons la scintillation des yeux, ce 
qui supposerait un deplacement d'une minute. Les ondula- 
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how the momentary coloured efitdgence of a star may he foL 
lowed hy its equally instantaneous disappearance or sudden 
obscuration, in an atmosphere composed of ever-changing 
strata of different temperatures, moistiure, and density. The 
undulatory theory teaches us generally that two rays of light 
(two systems of waves) emanating from one source (one centre 

tions du bord du soleil sont de 4" ä 5", et peut-^tre des 
pieces qui manquent, done encore efifet de Finterflrence des 
rayons." 

On the causes of the scintiUation of the stars. 

^* The most remarkable feature in the phenomenon of the 
9tBX»' scintillation is theii;' change of colour. This change is 
of much more frequent occurrence than would appear from 
ordinary observation. Indeed, on shaking the telescope the 
image is transformed into a line or circle, and all the points of 
this line or circle appear of dijSerent colours. We have here 
the results of the superposition of all the images seen when 
the telescope is at rest. The rays united in the focus of a 
lens, vibrate in harmony or at variance with one another, 
and increase or destroy one another according to the various 
degrees of refraction of the strata through which they have 
passed. The whole of the red rays alone can destroy one 
another, if the rays to the right and left, above and below 
them have passed through unequally refracting media. We 
have used Ihe term ahne, because the difference of refraction 
necessary to destroy the red ray is not the same as that which 
is able to destroy Üie green ray, and vice versa. Now, if the 
Tßd rays be destroyed, Üiat which remains will be white minus 
red, that is to say green. K the green on the other hand be 
destroyed by interference, the image will be white minus green, 
HxBit is to say red. To understand why planets having large 
diameters shoidd be subject to little or no scintillation, it must 
be remembered that the disc may be regarded as an aggrega- 
tion of stars, or of small points, scintillating independently of 
each other, while the images of different colours presented by 
each of these points taken alone would impinge upon one 
another and form white. If we place a diaphragm or a cork 
pierced with a hole on the object-glass of a telescope, the 
stars present a disc surrounded by a series of luminous rings. 

h2 
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of commotion), destroy each other by inequality of path; 
that the light of one ray added to the light of the other 
produces darkness. When the retardation of one system of 
waves in ««ference to the other amounts to an odd number 
of semi-undulations, both systems endeavour to impart simul- 
taneously to the same molecule of ether equal but opposite 
velocities ; so that the eflfect of their combination is to produce 
rest in the molecule, and therefore darkness. In some cases, 

On pushing in the eye-piece, the disc of the star increases 
in diameter and a dark point appears in its centre ; when the 
eye-piece is made to recede still further into the instrument, 
a* luminous point will take the place of the dark point. On 
causing the eye-piece to recede still further, a black centre 
will be observed. If while the centre of the image is black 
we point the instrument to a star which does not scintillate, 
it vnll remain black as before. If, on the other hand, we 
point it to a scintillating star, we shall see the centre of the 
image alternately luminous and dark. In the position in 
which the centre of the image is occupied by a luminous point, 
we shall see this point alternately vanish and reappear. This 
disappearance and reappearance of the central point is a 
direct proof of the variable interference of the rays. In order 
to comprehend the absence of light from the centre of these 
dilated images, we must remember that rays regularly refracted 
by the object-glass do not reunite and cannot consequently 
interfere except in the focus ; thus the images produced by 
these rays wiU always be uniform and without a central point. 
If in a certain position of the eye-piece, a point is observed 
in the centre of the image, it is'owing to the interference of 
the regularly refracted rays with the rays diffracted on the 
margins of the circular diaphragm. The phenomenon is not 
constant, for the rays which interfere at one moment no 
longer do so in the next, after they have passed through atmos- 

Eheric strata possessing a varying power of refraction. We 
ere meet with a manifest proof of the important part 
played in the phenomenon of scintillation by the unequal 
refrangibility of the atmospheric strata traversed by rays 
imited in a very narrow pencil.'* 
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the refrangibility of the different strata of air intersecting the 
rays of light exerts a greater influence on the phenomenon 
than the difference in length of their path.** 

The intensity of scintillations varies considerably in the 
different fixed stars, and does not seem to depend solely on 
their altitude and apparent magnitude, but also on the nature 
of their own light. Some, as for instance Vega, flicker less 
than Arcturus and Procyon. The absence of scintillation in 
planets with larger discs, is to be ascribed to compensation 
and to the neutralizing mixture of colom*s proceeding from 
different points of the disc. The disc is to be regarded as 
an aggregate of stars which naturally compensate for the 
light destroyed by interference, and again combine the 

" It follows from these considerations that scintillation must 
necessarily be referred to the phenomena of luminous inters 
/erences sJone. The rays emanating from the stars, after 
traversing an atmosphere composed of strata having different 
degrees of heat, density, and humidity, combine in the focus of 
a lens, where they form images perpetually changing in 
intensity and colour, that is to say, the images presented by 
scintillation. There is another form of scintillation, inde- 
pendent of the focus of the telescope. The explanations of 
this phenomenon advanced by Galileo, Scaliger, Kepler, Des- 
cartes, Hooke, Huygens, Newton, and John Michell, which I 
examined in a memoir presented to the institute in 1840 
{Comptes Rendus, t. x. p. 83), are inadmissible. Thomas 
Young, to whom we owe the discovery of the first laws of 
interference, regarded scintillation as an inexplicable phe- 
nomenon. The erroneousness of the ancient explanation 
which supposes that vapours ascend and displace one another, 
is suflBciently proved by the circumstance that we see scintil- 
lations with the naked eye, which presupposes a displacement 
of a minute. The imdulations of the margin of the sun are 
from 4" to 5", and are perhaps owing to chasms or interruptions, 
and therefore also to the effect of interference of the rays of 
light." {Extracts from Arago'sMSS. o/'1847.) 

** See Arago, in the Annuaire pour 1831, p. 168. 
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ooloured rays into white light. For this reason we most 
rarely meet with traces of scintillation in Jupiter and Saturn, 
but more frequently in Mercury and Venus, ibr the apparent 
diameters of the discs of these last named planets diminish to 
4" '4 and 9''* 5. The diameter of Mars may also decrease to 
3"'3 at its conjunction. In the serene cold winter nights of 
the temperate zone, the scintillation increases the magnificent 
impression produced by the starry heavens, and the more so 
&om the circimistance that, seeing stars of the 6th and 7th 
magnitude flickering in various directions, . we are led to 
imagine • that we perceive more luminous points than the 
unaided eye is actually capable of distinguishing. Hence 
the popular surprise at the few thousand stars which accurate 
catalogues indicate as visible to the naked eye ! It was known 
in ancient times by the Greek astronomers, that the flickering 
of their light distinguished the flxed stars from the planets ; 
but Aristotle, in accordance with the emanation and tan- 
gential theory of vision, to which he adhered, singularly 
enough ascribes the scintillation of the flxed stars merely 
to a straining of the eye. "The rivetted stars (the flxed 
stars)," says he,** " sparkle, but not the planets : for the 
latter are so near, that the eye is able to reach them ; but 
in looking at the fixed stars (jrpbs 8c rovs fjUwinus) the eye 
acquires a tremulous motion owing to the distance and the 
efibrt." 

In the time of Galileo, between 1572 and 1604,— -an epoch 
remarkable for great celestial ervents, when three stars** of 
greater brightness than stars of the first magnitude suddenly 
appeared, one of which, in Cygnus, remained luminous for 
twenty-one years,— Kepler's attention was specially directed 
to scintillation as the probable criterion of the non-planetary 

** Aristot. de CobIo, ii. 8, p. 290, Bekker. 
^ Cosmos, vol. ii. p. 709. 
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nature of a celestial body. Although well Tersed in the 
science of optics, in its th^i ^imperfect state, he was unable 
to rise above the received notion of moving vapours.^ In 
the Chinese Kecords of the newly appeared stars, accoiding 
to the great collection of Ma-tuan-lin, their strong scintillation 
is occasionally mentioned. 

The more equal mixture of the atmospheric strata, in 
and near the tropics, and the faintness or total absence of 
scintillation of the fixed stars when they have risen 12° or 
15° above the horizon, give the vault of heaven a peculiar 
character of mild effulgence and repose. I have already 
referred in many of my delineations of tropical scenery to this 
characteristic, which was also noticed by the accurate ob- 
servers. La Condamine and Bouguer, in the Peruvian plains, 
and by Garcin,^ in Arabia, India, and on the shores of the 
Persian Gulf (near Bender Abassi). 

As the aspect of the starry heavens, in the season of 
the serene and cloudless nights of the tropics, specially 
excited my admiration, I have been careful to note in my 
journals the height above the horizon at which the sein« 
tillation of the stars ceased in different hygrometric con- 
ditions. Cumana and the rainless portion of the Peruvian 
coast of the Pacific, before the season of the ffarita (mist) 
had set in, were peculiarly suited to such observations. On 
an average the fixed stars appear only to scintillate when less 
than 10° or 12° above the horizon. At greater elevations, 
they shed a mild, planetary light; but this difference is 
most strikingly perceived, when the same fixed stars are 
watched in their gradual rising or setting, and the angles of 
their altitudes measured, or calculated by the known time and 

** Causa scintillationis, in Kepler, De Stella nova in pede 
Serpentarii, 1606, cap. xviii. pp. 92-97. 

** Lettre de M, Garem, Dr. en Med, d M. de Reaumur in 
Hi^t, de VAcadimie Royale des Sciences^ Ann6e 1743, pp. 
28-32. 



104 COSMOS. 

latitude of the place. In some serene and calm nights, the 
region of scintillation extended tp an elevation of 20° or even 
25° : but a connection coidd scarcely ever be traced between 
the differences of altitude or intensity of the scintillation 
and the hygrometric and thermometric conditions, observ- 
able in the lower and only accessible region of the atmosphere. 
I have observed, during successive nights, after considerable 
scintillation of stars, having an altitude of 60° or 70°, when 
Saussure's hair-hygrometer stood at 85°, that the scintillation 
entirely ceased when the stars were 15° above the horizon, 
although the moisture of the atmosphere was so considerably 
increased that the hygrometer had risen to 93°. The intricate 
compensatory phenomena of interference of the rays of light 
are modified, not by the quantity of aqueous vapour con- 
tained in solution in the atmosphere, but by the imequal 
distribution of vapours in the superimposed strata^ and by 
the upper currents of cold and warm air, which are not 
perceptible in the lower regions of the atmosphere. The 
scintillation of stars at a great altitude was also strikingly 
increased during the thin yellowish red mist, which tinges 
the heavens shortly before an earthquake. These obser- 
vations only refer to the serenely bright and rainless seasons 
of the year, within the tropics, from 10° to 12° north and 
south of the equator. The phenomena of light exhibited 
at the commencement of the rainy season, during the sim's 
zenith-passage, depend on very general, yet powerful, and 
almost tempestuous causes. The sudden decrease of the north- 
east trade- wind, and the interruption of the passage of regular 
upper currents from the equator to the poles, and of lower 
currents from the poles to the equator, generate clouds, and 
thus daily give rise, at definite recurring periods, to storms of 
wind and torrents of rain. 1 have observed dupng several 
successive years that in regions where the scintillation of the 
fixed stars is of rare occurrence, the approach of the rainy 
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season is announced many days beforehand, by a flickering 
light of the stars at ^eat altitudes above the horizon. This 
phenomenon is accompanied by sheet lightning, and single 
flashes on the distant horizon, sometimes without any visible 
cloud, and at others darting through narrow, vertically ascend« 
ing columns of clouds. In several of my writings I have 
endeavoured to delineate these precursory characteristics and 
physiognomical changes in the atmosphere.^ 

The second book of Lord Bacon's Novum Organum gives 
us the earliest views on the velocity of light and the pro- 
bability of its requiring a certain time for its transmission. 
He speaks of the time required by a ray of light to traverse 
the enormous distances of the universe, and proposes the 
question whether those stars yet exist which we now see 
shining.*' We are astonished to meet with this happy con- 

*• See Voyage aux Regions Squin., t. i. pp. 511 and 512, 
andt. ii. pp. 202-208; also my Views of Nature^ pp. 16, 138. 

" En Arabic, de meme qu'a Bender- Abassi, port fameux du 
Golfe Persique, Fair est parfaitement serein presque toute 
Tannee. Le printemps, I'ete, et I'automne se passent, sans 
qu'on y voie la moindre ros^e. Dans ces m^mes temps tout 
le monde couche dehors sur le haut des maisons. Quand on 
est ainsi concha, il n'est pas possible d'exprimer le plaisir qu'on 
prend ä contempler la beaute du ciel, 1' eclat des etoiles. C'est 
ime lumi^re pure, ferme et eclatante, sans etincellement. Ce 
n'est qu'au milieu de I'hiver que la scintillation, quoique tr^s 
foible, s'y fait apercevoir." 

" In Arabia," says Garcin, " as also at Bender- Abassi, a 
celebrated port on the Persian Gulf, the air is perfectly serene 
throughout nearly the whole of the year. Spring, summer, 
and autumn, pass without exhibiting a trace of dew. During 
these seasons all the inhabitants sleep on the roofs of their 
houses. It is impossible to describe tiie pleasure experienced 
in contemplating the beauty of the sky, and the brightness 
of the stars, while thus lying in the open air. The light of 
the stars is pure, steady, and brilliant ; and it is only in the 
middle of the winter, that a slight degree of scintillation is 
observed." Garcin, in Hist, de V Acad, des Ä?., 1743, p. 30. 

*' In speaking of the deceptions occasioned by the velocity of 
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jeoture in a work whose intellectual author was far behind 
his contemporaries in mathematical, astronomical, and phy- 
sical knowledge. The velocity of reflected sdar light was 
first measured by Römer, (November, 1675,) by comparing the 
periods of oocultation of Jupiter's satellites ; while the velocity 
of the direct light of the fixed stars was ascertained (in the 
autumn of 1727) by means of Bradley's great discovery of 
aberration, which afforded objective evidence of the translatory 
movement of the earth, and of the truth of the Copemican 
system. In recent times a third method of measurement has 
been suggested by Arago, which is based on the phenomena 
of light observed in a variable star, as, for instance, Algol in 
Perseus.^ To these astronomical methods may be added one 

sound and light, Bacon says : — '' This last instance, and others 
of a like nature, have sometimes excited in us a most marvel- 
lous doubt, no less than whether the image of the sky and stars 
is perceived as at the actual moment of its existence, or rather 
a fittle after, and whether there is not (with regard to the 
visible appearance of the heavenly bodies) a true and apparent 
place which is observed by astronomers in parallaxes. It ap- 
peared so incredible to us that the images or radiations of 
heavenly bodies coidd suddenly be conveyed through such 
immense spaces to the sight, and it seemed that they ought 
rather to be transmitted in a definite time. That doubt, how- 
ever, as far as regards any great difference between the true and 
apparent time, was subsequently completely set at rest, when 

we considered " The works of Francis Bacon, vol. xiv. 

Lond. 1831 {Novum Organum\ p. 177. He then recals the 
correct view he had previously announced precisely in the 
manner of the ancients. Compare Mrs. Somerville's Connexion 
of the Physical Sciences^ p. 36; and Cosmos^ vol. i. p. 145. 

*® See Arago's explanation of his method in the Anntiaire 
du Bureau des Longitudes pour 1842, pp. 337-343. " L*ob- 
servation attentive des phases d' Algol ä six mois d'intervalle 
servira ä determiner directement la vitesse de la lumiere de 
cette etoile. Pres du maximum et du miniTmiTn le change- 
ment d'intensite s'op^re lentement ; il est au contraire rapide 
k certaines ^poques intermediäres entre celles qui correspon- 
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of terrestrial measurement, lately oondncted with much ixk- 
genuity and success by M. Fizeau in täie zieighbourhood of 
Paris. It reminds us of Qalileo's early and fruitless experi- 
ments with two alternately obscured lanterns. 

Horrebow and Du Hamel estimated the time occupied in 
the passage of light from the sun to the earth at its mean 
distance, according to Römer's first observations of Jupi- 
ter's sateUites, at 14' 7", Cassini, at 14' 10"; whUe Newton^ 



dent aux deux ^tats extremes, quand Algol, soit en diminuant» 
soit en augmentant d' eclat, passe pour la troisi^me grandeur." 

^* The attentive observation of the phases of Algol at a six- 
month interval will serve to determine directly the velocity oi 
that star's light. Near the maximum and the minimum the 
change of intensity is very slow ; it is, on the contrary, rapid 
at certain intermediate epochs between those corresponding 
to the two extremes, when Algol, either diminishing or in- 
creasing in brightness, appears of the third magnitude. 

^ Newton, Opticks, 2nd ed. (London, 1718), p. 325. 
** Light moves from the sun to us in seven or eight minutes 
of time." Newton compares the velocity of soimd (1140 
feet in 1") with that of light. As, from observations on 
the occultations of Jupiter's sateUites (Newton's death oc- 
curred about half a year before Bradley's discovery of aberra« 
tion) he calculates that light passes from the sun to the earth, a 
distance, as he assumed, of 70 millions of miles, in T 30" ; this 
result yields a velocity of light equal to 155555^ miles in a 
second. The reduction of these [ordinary] to geographical 
miles (60 to \°) is sul]ject to variations according as we assume 
the figure of the earth. According to Encke' s accurate calcula- 
tions in the Jahrbuch für 1852, an equatorial degree is equal 
to 69*1637 English miles. According to Newton's data we 
should therefore have a velocity of 134944 geographical nules. 
Newton however assumed the sun's parallax to be 12". If 
this, according to Encke's calculation of the transit of Venus, 
be 8"*57116, the distance is greater, and we obtain for the 
velocity of light (at seven and a half minutes) 188928 geo- 
graphical, or 217783 ordiuary miles, in a second of time; 
therefore too much, as before we had too little. It is certainly 
very renuurkaUe, aUhougß the circumstance has been over- 



108 COSMOS. 

approximated very remarkably to the truth when he gave 
it at T 30". Delambre,** who did not take into account 
any of the observations made in his own time, with the 

looked by Delambre {Hist, de l* Astronomie Moderne, tom. ii. 
p. 653,) that Newton (probably basing his calculations upon 
more recent English observations of the first satellite) should 
have approximated within 47" to the true result, (namely, that 
of Struve, which is now generally adopted,) while the time 
assigned for the passage of light over the semi-diameter of 
the earth's orbit continued to vacillate between the very high 
amounts of IT and 14' 10", from the period of Römer's dis- 
covery, in 1675, to the beginning of the 18th century. The 
first treatise in which Römer, the pupil of Picard, com- 
municated his discovery to the Academy, bears the date 
of November, 22, 1675. He found, from observations of 
forty emersions and immersions of Jupiter's satellites, " a 
retardation of light amounting to 22 minutes for an inter- 
val of space, double that of the sun's distance from the 
earth." {^Mimoires de VAcad. de 1666-1699, tom. x. 1730, 
p. 400.) Cassini does not deny the retardation, but he does 
not concur in the amount of time given, because, as he 
erroneously argues, different satellites presented different 
results. Du Hamel, secretary to the Paris Academy, {Regies 
Scientiarum Academice Historia, 1698, p. 143,) gave from 10 
to 11 minutes, seventeen years after Römer had left Paris, 
although he refers to him; yet we know, through Peter 
Horrebow {Basis Astronomice sive Triduum Roemerianumj 
1735, pp. 122-129), that Römer adhered to the result of 11', 
when in 1704, six years before his death, he purposed bringing 
out a work on the velocity of light ; the same was the case 
with Huygens {Tract, de Lumine, cap. i. p. 7). Cassini's 
method was very different ; he found 7' 5" for the first satellite, 
and 14' 12" for the second, having taken: 14' 10" for the basis 
of his tables for Jupiter pro peragrando diametri semissi. The 
error was therefore on the increase. (Compare Horrebow, 
Triduum, p. 129 ; Cassini, Hypotheses et Satellites de Jupiter 
in the MSm. de VAcad., 1666-1699, tom. viii. pp. 435, 475; 
Delambre, Hist, de VAstr. mod., tom. ii. pp. 751, 782; Du 
Hamel, Physica, p. 435.) 

^ Delambre, Hist, de VAstr, mot,, tom. ii. p. 653. 
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exception of those of the first satellite, found 8' 13"-2. 
Encke has very justly noticed the great importance of under- 
taking a special course of observations on the occultations 
of Jupiter's satellites, in order to arrive at a correct idea 
regarding the velocity of light, now that the perfection at- 
tained in the construction of telescopes warrants us in hoping 
that we may obtain trustworthy results. 

Dr. Busch," of Königsberg, who based his calculations on 
Bradley's observationsof aberration, as re-discovered by Rigaud 
of Oxford, estimated the passage of light from the sun to 
the earth at 8' 12"-14, the velocity of stellar light at 167976 
miles in a second, and the constant of aberration at 20"'2116 ; 
but it would appear, from the more recent observations on 
aberration carried on during eighteen months by Struve with 
the great transit instrument at Pulkowa,^* that the former 

^ Reduction of Bradley's observations at Kew and Wanstedy 
1836, p. 22;, Schumacher's Astr, Nachr., bd. xiii. 1836, 
no. 309 ; (compare Miscellaneous Works and Correspon- 
dence of the Rev. James Bradley, by Prof. Rigaud, Oxford, 
1832). On the mode adopted for explaining aberration 
in accordance with the theory of undulatory light, see 
Doppler in the Abhl, der Kön. böhmischen Gesellschaft der 
Wiss. 5te Folge, bd. iii. s. 754-765. It is a point of extreme 
importance in the history of great astronomical discoveries, that 
Picard, more than half a century before the actual discovery 
and explanation by Bradley of the cause of aberration, probably 
from 1667, had observed a periodical movement of the Polai 
star to the extent of about 20", which could " neither be the 
effect of parallax or of refraction, and was very regular at 
opposite seasons of the year." (Delambre, Hist, de VAstr. 
moderne, tom. ii. p. 616.) Picard had nearly ascertained the 
velocity of direct light before his pupil, Römer, made known 
that of reflected light. 

** Schum. Astr. Nachr., bd. xxi. 1844, no. 484 ; Struve, 
Etudes d'Astr. stellaire, pp. 103, 107 (compare Cosmos, vol. i. 
p. 144.) The result given in the Annuaire pour 1842, p. 
287, for the velocity of light in a second, is 308000 kilomenes, 
or 77000 leagues (each of 4000 metres), which corresponds 



110 COSMOS; 

of these numbers should be considerably increased. The 
result of these important obserrations gave 8' 17"* 78; &om 
which, with a constant of aberration of 20"-4451, and Encke's 
correction of the sun's parallax in the year 1835, together 
with his determination of the earth's radius, as given in his 
Astronomische» Jahrbuch ßir 1852, we obtain 166196 geo- 
graphical miles for the velocity of light in a second. The 
probable error in the velocity seems scarcely to ampunt to 
eight geographical miles. Struve's result for the time which 
dght requires to pass from the sun to the earth differs about 
yfjth from Delambre's (8' 13"*2), which has been adopted 
by Bessel in the Tah, Regiom,, and has hitherto been followed 
in the Berlin Astronomical Abnanack. The discussion on this 
subject cannot, however, be regarded as wholly at rest. Great 
doubts still exist as to the earlier adopted conjecture that the 
velocity of the light of the polar star was smaller than that of 
its companion in the ratio of 133 to 134. 

M. Fizeau, a physicist, distinguished alike for his great 
acquirements and for the delicacy of his experiments, has sub- 
mitted the velocity of light to a terrestrial measurement, by 
means of an ingeniously constructed apparatus, in which arti- 
ficial light (resembling stellar light) generated from oxygen and 
hydrogen, is made to pass back by means of ä mirror between 
Suresne and La Butte Montmartre, over a distance of 28321 feet 
to the same point from which it emanated. A disc having 720 
teeth, which made 12*6 rotations in a second, altematelv ob- 



to 215834 miles, and approximates most nearly to Stnive's 
recent result, while that obtained at the Pulkowa Obser- 
vatory is 189746 miles. On the difference in the aberra- 
tion of the light of the Polar star and that of its companion, 
and on the doubts recently expressed by Struve, see Madler, 
Astronomie^ 1849, s. 393. William Richardson gives as the 
result of the passage of light from the sun to the earth 8' 1 9''*28, 
from which we obtain a velocity of 215392 miles in a second. 
(Mem, of the Astron, Soo.^ vol. iv. P. i. p. 68.) 
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scnred the ray of light and allowed it to be seen between the 
teeth on the margin. It was supposed from the marking of a 
counter (compteur) that tke artificial light traversed 56642 
feet, or the distajiee to and from the stations in ttWtt^^ P^^ 
of a second, whence we obtain a Telocity of 191460 miles in 
a second.® This result therefore approximates most closely 
to Delambre's (which was 189173 miles) as obtained from 
Jupiter's satellites. 

Direct observations and ingenious reflections on the ab- 
sence of all coloration during the alternation of light in the 
va/riahle stars — a subject to which I shall revert in the sequel 
— ^led Arago to the result, that, according to the undulatory 
theory, rays of light of different colour, which consequently 
have transverse vibrations of very different length and velocity, 
move through space with the same rapidity. The velocity of 
transmission and the refraction differ therefore in the interior of 
the different bodies through which the coloured rays pass.** 

® Fizeau gives his result in leagues, reckoning 25 (and 
consequently 4452 metres) to the equatorial degree. He 
estimates the velocity of light at 70000 such leagues, or 
about 210000 miles in the second. On the earlier experi- 
ments of Fizeau, see Comptes rendtis, tom. xxix. p. 92. In 
Moigno, jRepcr^. d'Optique moderne^ P. iii. p. 1162, we find 
this velocity given at 70843 leagues (of 25=1°) or about 
212529 miles, which approximates most nearly to the result 
of Bradley, as given by Busch. 

"* " D'apres la theorie mathematique dans le Systeme des 
ondes, les rayons de differentes couleurs, les rayons dont les 
ondulations sont inegales, doivent neanmoins se propager dans 
I'Ether avec la meme vitesse. II n'y a pas de difference a cet 
egard entre la propagation des ondes sonores, lesquelles se 
propagent dans I'air avec la meme rapidite. Cette egalite de 
propagation des ondes sonores est bien etablie exp^mentale« 
ment par la similitude d'effet que produit ime musique donnee 
a toutes distances du lieu oü Ton Texecute. La principale 
difficulte, je dirai Tunique difficulte, qu'on eüt elev6e contre le 
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For Arago's observations have shown that refraction in the prism 
is not altered by the relation of the velocity of light to that 
of the earth's motion. All the measurements coincide in the 
result, that the light of those stars towards which the earth is 

Systeme des ondes, consistait done ä expliquer, comment la 
vitesse de propagation des rayons de differentes couleurs dans 
les corps differents pouvait etre dissemblable et servir ä rendre 
compte de I'inegalite de refraction de ces rayons ou de la dis- 
persion. On a montre recemment que cette difficulte n'est 
pas insurmontable ; qu'on pent constituer I'Ether dans les 
corps inegalement denses de maniere que des rayons ä ondu- 
lations dissemblables s'y propagent avec des vitesses inegales : 
reste ä determiner, si les conceptions des geometres ä cet egard 
sont conformes a la natm'e des choses. Voici les amplitudes 
des ondulations deduites experimentalement d'une serie de 
faits relatif aux interferences : 

mm 

Violet 0000423 

Jaune 0000551 

Rouge 0000620 

La vitesse de transmission des rayons de diflRerentes couleurs 
dans les espaces celestes est la meme dans le Systeme des 
ondes et tout-ä-fait independante de Tetendue ou de la vitesse 
des 'ondulations . ' * 

"According to the mathematical theory of a system of 
waves, rays of different colours, having unequal undulations, 
must nevertheless be transmitted through ether with the 
same velocity. There is no difference in this respect from 
the mode of propagation of waves of sound which are 
transmitted through the atmosphere with equal velocity. 
This equality of transmission in waves of sound may be well 
demonstrated experimentally by the uniformity of effect pro- 
duced by music at all distances from the source whence it 
emanates. The principal, I may say the only objection, ad- 
vanced against the undulatory theory, consisted in the diffi- 
culty of explaining how the velocity of the propagation of rays 
of different colours through different bodies could be dissimi- 
lar, while it accounted for the inequality of the refraction of the 
rays or of their dispersion. It has been recently shown that 
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moving presents the same index of re&action as the light of those 
from which it is receding. Using the language of the emission 
hypothesis, this celebrated observer remarks, that bodies send 
forth rays of all velocities, but that among these different velo- 
cities one only is capable of exciting the sensation of light.** 

this difficulty is not insurmountable, and that the ether 
may be supposed to be transmitted through bodies of unequal 
density in such a manner that rays of dissimilar systems of 
waves may be propagated through it with unequal velocities ; 
but it remains to be determined whether the Tiews advanced 
by geometricians on this question are in unison with the actual 
nature of things. The following are the lengths of the imdu- 
lations, as experimentally deduced from a series of facts in 
relation to interference : „„ 

Violet 0-000423 

Yellow 0-000551 

Red 0-000620 

The velocity of the transmission of rays of different colours 
through celestial space, is equal in the system of waves, 
and is quite independent of the length or the velocity of 
the undulations." Arago, MS. of 1849. Compare also the 
Annvmre pour 1842, pp. 333-336. The length of the lumi- 
nous wave of the ether, and the velocity of the vibrations, 
determine the character of the coloured rays. To the violet, 
which is the most refrangible ray, belong 662, while to the 
red, (or least refrangible ray with the greatest length of wave,) 
there belong 451 billions of vibrations in the second. 

^ '• J'ai prouve, il y a bien des annees, par des observations 
directes que les rayons des etoiles vers lesquelles la Terre 
marche, et les rayons des etoiles dont la Terre s'eloigne, se 
refractent exactement de la meme quantite. Un tel resultat 
ne peut se concilier avec la theorie de remission qu'a I'aide 
d'une addition importante ä faire ä cette theorie : il faut ad- 
mettre que les corps lumineux emettent des rayons de toutes 
les vitesses, et que les seiüs rayons d'une vitesse determinee 
sent visibles, qu'eux seuls produisent dans Tceil la sensation 
de lumi^rc. Dans la theorie de remission, le rouge, le jauoe, 
le vert, le bleu, le violet solaires sont respectivement accompag- 

VOL. III. I 
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On comparing the velocities of solar, stellar, and terres- 
trial light, wliich are all equally refracted in the prism, 
with the velocity of the light of frictional electricity, we 
are disposed, in accordance with Wheatstone^s ingeniously 
conducted experiments, to regard the lowest ratio in which 
the latter exceeds the former as 3 : 2. According to the lowest 
results of Wheatstone's optical rotatory apparatus, electric 

nes de rayons pareils, mais obscurs par defaut ou par exces 
de vitesse. A plus de vitesse correspond ime moindre refrac- 
tion, comme moins de vitesse entraine une refraction plus 
grande. Ainsi chaque rayon rouge visible est accompagne de 
rayons obscurs de la memo nature, qui se refractent les ims 
plus, les autres moins que lui : ainsi il existe des rayons dans 
les stries noires de la portion rouge du spectre ; la meme chose 
doit etre admise des stries situees dans les portions jaunes, 
vertes, bleues et violettes." 

" I showed many years ago, by direct observations, that the 
rays of those stars towards which the earth moves, and the rays 
of those stars from which it recedes, are repeated in exactly 
the same degree. Such a result cannot be reconciled with the 
theory of emission, unless we make the important admission 
that luminous bodies emit rays of all velocities, and that only 
rays of a determined velocity are visible, these alone being 
capable of impressing the eye with the sensation of light. In 
the theory of emission, the red, yellow, green, blue, and violet 
solar rays, are respectively accompanied by like rays, which 
are, however, dark from deficiency or excess of velocity. 
Excessive velocity is afisociated witii a slight degree of re- 
fraction, while a smaller amount of velocity involves a slighter 
degree of refraction. Thus, every visible red ray is accom- 
panied by dark rays of the same nature, of which some are 
more, and others less, refracted than the former ; there are 
consequently rays in the black lines of the red portion of the 
spectrum ; and the same must be admitted in reference to the 
lines situated in the yellow, green, blue, and violet portions." 
Arago, in the Comptes rendus de VAcad, des Sciences^ t. xvi. 
1843, p. 404. Compare also t. viii. 1839, p. 326, and Pois- 
son, Traits de Micanique^ ed. ii. 1833, t. i. § 168. Accord- 
ing to the undulatory theory, the stars emit waves of extremely 
various transverse velocities of oscillations. 
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light traverses 288000 miles in a feecond." If we reckon 
189938 miles for stellar light, according to Struve's observa- 
tions on aberration, we obtain the difference of 95776 miles 
as the greater velocity of electricity in one second. 

These results are apparently opposed to the views advanced 
by Sir William Herschel, according to which solar and stellar 
light are regarded as the effects of an electro-magnetic pro- 
cess — a perpetual northern light. I say apparently y for no one 
will contest the possibility that there may be several very 
different magneto-electrical processes in the luminous cosmical 
bodies, in which light — ^the product of the process — ^may 
possess a different velocity of propagation. To this conjec- 
ture may be added the uncertainty of the numerical result 
yielded by the experiments of Wheatstone, who has himself 
admitted that they are not sufficiently established, but need 
further confirmation before they can be satisfactorily compared 
with the results deduced from observations on aberration and 
on the satellites. 

The attention of physicists has been powerfully attracted to 
the experiments on the velocity of the transmission of elec- 

" Wheatstone in the Phtlos, Transact, of the Royal Soc.for 
1834, pp. 589, 591. From the experiments described in this 
pap^ it would appear that the human eye is capable of per- 
ceiving phenomena of light, whose duration is limited to the 
millionth part of a second (p. 591). On the hypothesis re- 
ferred to in the text, of the supposed analogy between the light 
of the sun and polar light, see Sir John Herschers Results of 
Astron, Observ. at the Cape of Good Hope, 1847, p. 351. 
Arago, in tiie Comptes rendus pour 1838, t. vii. p. 956, has 
refeired to the ingenious application of Breguet's improved 
Wheatstone's rotatory apparatus for determining between the 
theories of emission and imdulation, since, according to the 
former, light moves more rapidly through water than through 
air, while, acc(»'ding to the latter, it moves more rapi(Uy 
through air than through water. (Compare also Comptes rendus 
pour 1850, t. xzz. pp. 489-495, 556.) 

i2 
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tricity, recently conducted in the United States by Walker 
during the course of his electro-telegraphic determinations of 
the terrestrial longitudes of Washington, Philadelphia, New- 
York, and Cambridge. According to Steinheil's description of 
these experiments, the astronomical clock of the Observatory 
at Philadelphia was brought to correspond so perfectly with 
Morse's writing apparatus on the telegraphic line, that this 
clock marked its own course by points on the endless paper 
fillets of the apparatus. The electric telegraph instantaneously 
conveys each of these clock times to the other stations, indi- 
cating to these the Philadelphia time by a succession of similar 
points on the advancing paper fillets. In this manner arbitrary 
signs, or the instant of a star's transit, may be similarly noted 
down at the station by a mere movement of the observer's finger 
on the stop. " The special advantage of the American method 
consists," as Steinheil observes, " in its rendering the determi- 
nation of time independent of the combination of the two senses, 
sight and hearing, as the clock notes its owq course, and indicates 
the instant of a star's transit (with a mean error, according to 
Walker's assertion, of only the 70th part of a second.) A 
constant difierence between the compared clock times at Phila- 
delphia and at Cambridge is dependent upon the time occupied 
by the electric current in twice traversing the closed circle 
between the two stations." 

Eighteen equations of condition, from measurements made 
on conducting wires of 1050 miles, gave for the velocity of 
transmission of the hydro-galvanic current 18700 miles," 

^ Steinheil in Schumacher's Astr, Nachr., no. 679 (1849), 
8. 97-100; Walker in the Proceedings of the American Philo- 
sophical Society/, vol. V. p. 128. (Compare earlier propositions 
of Pouillet in the Comptes rendus, t. xix. p. 1386.) The more 
recent ingenious experiments of Mitchel, Director of the Obser- 
vatory at Cincinnati (Gould's -^«^ro«. Journal, Dec. 1849, p. 3, 
On the velocity of the electric wave), and the investigations of 
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which is fifteen times less than that of the electric current in 
Wheatstone's rotatory discs. As in Walker's remarkable expe- 
riments two wires were not used, but half of the conduction, 
to use a conventional mode of expression, passed through 
the moist earth, we should seem to be justified in concluding 
that the velocity of the transmission of electricity depends upon 
the nature as well as the dimensions*® of the medium. Bad 
conductors in the voltaic circuit become more powerfully heated 
than good conductors; and the experiments lately made by 
Riess'^ show that electric discharges are phenomena of a very 
various and complicated nature. The views prevailing at the 
present day regarding what is usually termed " connection 
through the earth" are opposed to the hypothesis of linear, 
molecular conduction between the extremities of the wires, 
and to the conjectures of the impediments to conduction, of 
accimiulation, and disruption in a current; since what was 
formerly regarded as intermediate conduction in the eai-th is 
now conjectured to belong exclusively to an equalisation or 
restoration of the electric tension. 

Although it appears probable, from the extent of accuracy 

Fizeau and Goimelle at Paris, in April, 1850, difier both from 
Wheatstone's and Walker's results. The experiments recorded 
in the Comptes rendus, t. xxx. p. 439, exhibit striking differ- 
ences between iron and copper as conducting media. 

" See Poggendorff's Annalen, bd. Ixxiii. 1848, s. 337, and 
Pouillet, Comptes rendus, t. xxx. p. 501. 

*• Biess, in Folgend. Ann,, bd. 78, s. 433. On the non-con- 
duction of the intermediate earth see the important experiments 
of Guillemin Sur le courant dans une pile isolee et sans commu- 
nication entre les pdles in the Comptes rendus, t. xxix. p. 521. 
" Quand on remplace un fil par la terre, dans les telegraphes 
«lectriques, la terre sert plut6t de reservoir commun, que de 
moyen d'union entre les deux extremites du fil." " When the 
earth is substituted for half the circuit in the electric tele- 
graph, it serves rather as a common reservoir than as a means 
of connexion between the two extremities of the wire." 
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at present attainable in this kind of observation, that the 
constant of aberration, and consequently the Telocity of light, 
is the same for all fixed stars, the question has frequently been 
mooted, whether it be not possible that there are luminous 
cosmical bodies, whose light does not reach us, in conse- 
quence of the particles of air being turned back by the force 
of gravitation exercised by the enormous masses of these bodies. 
The theory of emission gives a scientific form to these imagi- 
native speculations.*'* I here only refer to such views because 
it will be necessary in the sequel that we should consider certain 

^ Madler, Astr,^ s. 380 ; also Laplace according to Moigno, 
Ripertoire d'Optique moderne, 1847, t. i. p. 72. "Selon la 
theorie de remission on croit pouvoir d^montrer que si le 
diamdtre d'une 6toile fixe serait 250 fois plus grand que celui 
du soleil, sa densite restant la meme, Tattraction excrete ä sa 
surface detruirait la quantite de mouyement, de la molecule 
lumineuse emise, de sorte qu'elle serait invisible a de grandes 
distances." " It seems demonstrable by the theory of emission 
that if the diameter of a fixed star be 250 times greater than 
that of the sun — its density remaining the same — ^the attraction 
exercised on the surface would destroy the amount of motion 
emitted from the luminous molecule; so that it woidd be in- 
yisible at great distances." If, with Sir William Herschel, 
we ascribe to Arcturus an apparent diameter of 0"*!, it 
follows that the true diameter of this star is only eleven times 
greater than that of our sun. {Cosmos, vol. i. p. 138.) From the 
above considerations <m one of the causes of non-luminosity 
the velocity of light must be very different in cosmical bodies 
of different dimensions. This has, however, by no means been 
confirmed by the observations hitherto made. Arago says in 
the Comptes rendus, t. viii. p. 326, " Les experiences sur I'egale 
•deviation prismatique des ^toiles, vers lesqueUes la terre 
marche ou dont eile s'eloigne, rend compte de Tegalite de 
Vitesse apparente de toutes les etoiles." " Experiments made 
on the equal prismatic deviation of the stars towards which 
the earth is moving, and from which it is receding, explain 
the apparent equality of velocity in the rays of all the 
stars." 
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peculiarities of motion ascribed to Procyon, which appeared 
to indicate a diBtnrbance from dark cosmical bodies. It is the 
object of the present portion of this work to notice the 
different directions to which scientific inquiry had inclined, 
at the period of its composition and publication, and thus to 
indicate the individual character of an epoch in the sidereal 
as well as the telluric sphere. 

The photometric relations (relations of brightness) of the 
self-luminous bodies with which the regions of space are filled, 
have for more than two thousand years been an object of 
scientific observation and inquiry. The description of the 
starry firmanent did not only embrace determinations of places, 
the relative distances of luminous cosmical bodies from one 
another and &om the circles depending on the apparent course 
of the sun and on the diurnal movement of the vault of heaven ; 
but it also considered the relative intensity of the light of the 
stars. The earliest attention of mankind was undoubtedly 
directed to this latter point ; individual stars having received 
names before they were arranged with others into groups and 
constellations. Among the wild tribes inhabiting the densely 
wooded regions of the Upper Orinoco and the Atabapo, where 
from the impenetrable nature of the vegetation I could only 
observe high culminating stars for detertninations of latitude, 
I frequently found that certain individuals, more^ especially 
old men, had designations for Canopus, Achemar, the feet of 
the Centaur and » in the Southern Cross. If the catalogue of 
the constellations known as the Catasterisms of Eratosthenes, 
con lay claim to the great antiquity so long ascribed to it, 
(between Autolycus of Pitane and Timocharis, and therefore 
nearly a century and a half before the time of Hipparchus,) 
we possess in the astronomy of the Greeks a limit for the period 
when the fixed stars had not yet been arranged according to 
their relative magnitudes. In the emimeration of the stars 
* belonging to each constellation, as given in the Catasterisms, 
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frequent reference is made to the number of the largest and 
most luminous or of the dark and less easily recognized stars ;*^ 
but we find no relative comparison of the stars contained in 
the different constellations. The Catasterisms are, according to 
Bemhardy, Baehr, and Letronne, more than two hundred years 
less ancient than the catalogue of Hipparchus, and are besides 
a careless compilation and a mere extract from the Poeticum 
Astronomicum (ascribed to Julius Hyginus), if not from the poem 
' Epyjis of the older Eratosthenes. The catalogue of Hipparchus, 
which we possess in the form given to it in the Almagest, 
contains the earliest and most important determination of 
classes of magnitude (gradations of brightness) of 1022 stars, 
and therefore of about -J-th of all the stars in the firmament 
visible to the naked eye, and ranging from the 1st to the 6th 
magnitude inclusive. It remains undetermined whether these 
estimates are all due to Hipparchus, or whether they do not 
rather appertain in part to the observations of Timocharis or 
Aristyllus, which Hipparchus frequently used. 

This work constituted the important basis on which was 
established the science of the Arabs and of the astronomers 
of the middle ages: the practice, transmitted to the nine- 
teenth century, of limiting the number of stars of the first 
magnitude to 15 (although Madler counts 18, and Rümker 
after a more careful observation of the southern celestial 
hemisphere upwards of 20) takes its origin from the classifi- 
cation of the Almagest, as given at the close of the table of 
stars in the eighth book. Ptolemy, referring to natural vision, 
called all stars dark which were fainter than those of his 6th 

• 

class ; and of this class, he singularly enough only instances 

*^ Eratosthenes, Catasterismt, ed. Schaubach, 1795, and 
Eratosthenica, ed. G. Bemhardy, 1822, p. 110-116. A 
distinction is made between stars \afivpov£ (^fieyakovs) and 
fiuavpovs (cap. 2, 11, 41»). Ptolemy also limits oi ayiopffiaroi 
to those stars which do not regularly belong to a constellation. 
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49 stars distributed almost equally over both hemispheres. 
Considering that the catalogue enumerates about one-fifth 
of all the fixed stars visible to the naked eye, it should, 
according to Argelander's investigations, have given 640 stars 
of the 6th magnitude. The nebulous stars {v€(p€\o€id€is) of 
Ptolemy and of the Pseudo-Eratosthenian Catasterisms, are 
mostly small stellar swarms," appearing like nebulsB in the 
clearer atmosphere of the southern hemisphere. I more 
particularly base this conjecture on the mention of a nebula in 
the right hand of Perseus. Galileo, who, like the Greek and 
Arabian astronomers, was unacquainted with the nebula in 
Andromeda which is visible to the naked eye, says in his 
Nuncius sidereus, that Stella nebulosa are nothing more than 
stellar masses scattered in shining groups through the ether 
{areolcB sparsim per tether a fulgent).^ The expression {r&v 
fifyakav rd^is), the order of magnitudes, although referring only 
to lustre, led, as early as the ninth century, to hypotheses on the 
diameters of stars of different brightness : •* as if the intensity 
of light did not depend on the distance, volume, and mass, 
as also on the peculiar character of the surface of a cosmical 
body in more or less favouring the process of light. 

At the period of the Mongolian supremacy, when, in the 
fifteenth century, astronomy flourished at Samarcand, under 
Timur Ulugh Beig, photometric determinations were facilitated 
by the subdivision of each of the six classes of Hipparchus 
and Ptolemy into three subordinate groups ; distinctions, for 
example, being drawn between the small, intermediate, and 

^ PtoL Almag. ed. Halma, tom. ii. p. 40, and in Eratosth, 
Cafast,, cap. 22, p. 18. ^ Be «re^oX^ kuI f} äpTnj avairros öpärai^ 
diä 8c v€(j>€\a)Bovs trv(Trpo(f>ris hoKci rtaip opäadaL. Thus, too, 
Geminus, Fhem. (ed. Hilder, 1590), p. 46. 

® Cosmos, vol. ii. pp. 713-14. 

** Muhamedis Alfragani Chronologica et Ast. Elementa, 
1590, cap. xxiv. p. 118. 
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large stars of the second magnitude — an att^npt wluch reminds 
us of the decimal gradations of Struve and Aigelander.^ 
This advance in photometry, by a more exact determination 
of degrees of intensity, is ascribed in Ulugh Beiges tables to 
Abdurrahman Sufi, who wrote a work " on the knowledge of 
the fixed stars,*' and was the first who mentions one of the 
Magellanic clouds under the name of the White Ox. Since 
the discovery and gradual improvement of telescopic vision, 
these estimates of the gradations of light have been extended 
fax below the sixth class. The desire of comparing the in- 
crease and decrease of light in the newly appeared stars in 
Cygnus and Ophiuchus (the former of which continued 
luminous for twenty-one years), with the brightness of other 
stars, called attention to photometric determinations. The 
so-called dark stars of Ptolemy, which were below the 6th 
magnitude, received numerical designations according to the 
relative intensity of their light. *> Magnitudes, fi:om the 8th 
down to the 16th," says Sir Jolm Herschel, "are familiar to 
those who are in the practice of using powerful instruments."^ 
But at this faint degree of brightness, the denominations for 
the different gradations in the scale of magnitudes are very 
undetermined, for Struve occasionally classes, among the 12th 
or 13th, stars which Sir John Herschel designates as belonging 
to the 18th or 20th magnitudes. 

The present is not a fitting place to discuss the merits 

of the very different methods which have been adopted for the 

measurement of Hght within the last hundred-and-fifty years, 

from Auzout and Huygens to Bouguer and Lambert; and 

•from Sir William Herschel, Rumford, and Wollaston, to 

•* Some MSS. of the Almagest refer to such subdivisions 
or intermediate classes, as they add the words fieiCav or eXdaaav 
to the determination of magnitudes. (Cod. Paris, no. 2389.) 
Tycho expressed this increase or diminution by points. 

* Sir John Herschel, Outlines of Ästr., pp. 520-27. 
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Steinheil and Sir John Herschel. It will be sufficient for the 
object of this work briefly to indicate the different methods. 
These were a comparison of the shadows of artificial lights, 
differing in nmnbers and distance ; diaphragms ; plane glasses 
of different thickness and colour ; artificial stars formed by 
reflection on glass spheres ; the juxta-position of two seven-feet 
telescopes, separated by a distance which the observer could 
pass in about a second ; reflecting instruments in which two 
stars can be simultaneously seen and compared, when the tele- 
scope has been so adjusted that the star directly observed gives 
two images of like intensity;*' an apparatus having, (in front 

" This is the application of reflecting sextants to the 
determination of the intensity of stellar light; of this instru- 
ment I made greater use when in the tropics than of the 
diaphragms recommended to me by Borda. I began my in- 
vestigation imder the clear skies of Cumana, and continued 
them subsequently till 1803, but under less ßivourable con- 
ditions, op: the elevated plateaux of the Andes, and on the 
coasts of the Pacific, near Guayaquil. I had formed an arbi- 
trary scale in which I marked Sirius, as the brightest of all 
the fixed stars, equal to 100 ; the stars of the first magnitude 
between 100 and 80, those of the second magnitude between 
80 and 60, of the third between 60 and 45, of the fourth 
between 45 and 30, and those of the fifth between 30 and 20. 
I especially measured the constellations of Argo and Grus, in 
which I thought I had observed alterations since the time of 
Lacaille. It seemed to me after a careM combination of 
magnitudes, using other stars as intermediate gradations, that 
Sirius was as much brighter than Canopus, as a Centauri 
than Achemar. My numbers cannot, on account of the above 
mentioned mode of classification, be compared directly with 
those which Sir John Herschel made public as early as 1838. 
(See mj Recfieü d'Ohserv. astr,, vol. i. p. Ixxi., and RelaU 
hist, du Voyage aux Regions iquin.^ t. i. pp. 518 and 624; 
also Lettre deM.de Humboldt d M. Schumacher en Fevr. 1839, 
in the Astr. Nachr., no. 874. ) In this letter I wrote as follows : 
** M. Arago, qui possede des moyens photom^triques enti^re- 
ment diffferents de ceux qui ont ^te publies jusqu'ici, m'avait 
ra8sur6 sur la partie des erreurs qui pouvaient provenir du 
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of the object-glass,) a •mirror and diaphragms, whose rota- 
tion is measured on a ring; telescopes with divided object- 
. glasses, on either half of which the stellar light is received 
through a prism; astrometers*® in which a prism reflects the 

changement d'inclinaison d*un miroir entame sur la face in- 
terieure. H blame d'ailleurs le principe de ma methode et le 
regarde comme peu susceptible de perfectionnement, non seule- 
ment ä cause de la difference des angles entre Tetoile vue 
directement et celle qui est amenee par reflexion, mais surtout 
parceque le resultat de la mesure d'intensite depend de la 
partie de Toeil qui se trouve en face de I'oculaire. II y a erreur 
lorsque la pupille n'est pas trds exactement ä la hauteur de la 
limite inferieure de la portion non entamee du petit miroir." 
** M. Arago, who possesses photometric data, differing entirely 
from those hitherto published, had instructed me in reference to 
those errors which might arise from a change of inclination of a 
min'or silvered on its inner surface. He moreover blames 
the principle of my method, and regards it as little susceptible 
of correctness, not only on account of the difference of angles 
between the star seen directly and by reflection ; but espe- 
cially because the result of the amount of intensity depends 
on Üie part of the eye opposite to the ocular glass. There 
will be an error in the observations when the pupil is not 
exactly adjusted to the elevation of the lower limit of the un- 
plated p£irt of the small mirror." 

® Compare Steinheil, Elemente der HeUigkeits- Messungen am 
Sternenhimmel, München 1836, {Schum. Astr. Nachr. no. 609,) 
and Sir J. Herschel, Results of Astronomical Observations made 
during the years 1834-1838 at the Cape af Good Hope (Lond. 
1847), pp. 353-357. Seidel attempted in 1846 to determine 
by means of Steinheil's photometer the quantities of light of 
several stars of the first magnitude, which attain the requisite 
degree of latitude in our northern latitudes. Assuming Vega 
to be=l, he finds for Sirius 5*13; for Rigel, whose lustre 
appears to be on the increase, 1 *30 ; for Arcturus 0*84 ; for Ca- 
pella 0-83 ; for Procyon 0*71 ; for Spica 0-49 ; for Atair 0*40 ; 
for Aldebaran 0*36 ; for Deneb 0*35 ; for Regulus 034 ; for 
Pollux 0*30 ; he does not give the intensity of the light of 
Betelgeuze, on account of its being a variable star, as was parti- 
cularly manifested between 1 836 and 1 839. ( Outlines, p. 523.) 
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image of the moon or of Jupiter, and concentrates it through 
a lens at different distances into a star more or less bright. 
Sir John Herschel, who has been more zealously engaged than 
any other astronomer of modem times in making numerical 
determinations in both hemispheres of the intensity of light, 
confesses that the practical application of exact photometric 
methods must still be regarded as a " desideratum in astronomy," 
and that "photometry is yet in its infancy." The increasing 
interest taken in variable stars, and the recent celestial phe- 
nomenon of the extraordinary increase of light exhibited in 
the year 1837 in a star of the constellation Ai^o, has made 
astronomers more sensible of the importance of obtaining 
certain determinations of light. 

It is essential to distinguish between the mere arrangement 
of stars according to their lustre, without nimierical estimates 
of the intensity of light (an arrangement adopted by Sir John 
Herschel in his Manual of Scientific Enquiry prepared for the 
use of the Navy), and classifications in which intensity of 
light is expressed by numbers, under the form of so-called 
relations of magnitude, or by more hazardous estimates of 
the quantities of radiated light.*® The first numerical scale, 
based on estimates calculated with the naked eye, but im- 

•^ Compare for the numerical data of the photometric results 
4 tables of Sir John Herschel's-iÄ^r. Obs, at the Cape, a) p. 341 ; 
b) pp. 367-371; c) p. 440; and d) in his Outlines ofAstr.y-pp, 522 
-525, 645-646. For a mere arrangement without numbers 
see the Manual of Scientific Enquiry prepared for the use of the 
Navy, 1849, p. 12. In order to improve the old conventional 
mode of classing the stars according to magnitudes, a scale of 
photometric magnitudes consisting in the addition of 0*41, as 
explained more in detail in Astr, Obs. at the Cape, p. 370, 
has been added to the vulgar scale of magnitudes in the 
Outlines of Astronomy, p. 645, and these scales are subjoined 
to this portion of the present work, together with a list of 
northern and southern stars. 
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proved by an.ingenious elaboration of the materials'® probably 
deserves the preference over any other approximative method 
practicable in the present imperfect condition of photometrical 
instrmnents, however much the exactness of the estimates 
must be endangered by the varying powers of individual ob- 
servers — ^the serenity of the atmosphere — ^the different altitudes 
of widely distant stars, which can only be compared by means 
of numerous intermediate stellar bodies — and above all by the 
unequal colour of the light. Very brilliant stars of the 
1st magnitude, such as Sirius and Canopus, a Centauri and 
Achemar, Deneb and Vega, on account of their white light, 
admit far less readily of comparison by the naked eye 
than fainter stars below the 6th and 7th magnitudes. Such 
a comparison is even more difficult when we attempt to 
contrast yellow stars of intense light, like Procyon, Capella, 
or Atair, with red ones, like Aldebaran, Arcturus, and Betel- 
geux.''^^ 

Sir John Herschel has endeavoured to determine the rela- 
tion between the intensity of solar light, and that of a star of 
the 1st magnitude by a photometric compariscm of the moon 
with the double-star a Centauri of the southern hemisphere, 
which is the third in brightness of all the stars. He thus 
fulfilled (as had been already done by Wollaston) a wish 
expressed by John Michell" as early as 1767. Sir John 
Herschel found from the mean of eleven measurements con- 
ducted with a prismatic apparatus ; that the full moon was 
27408 times brighter than a Centauri. According to Wol- 
laston the light of the sun is 801072 times brighter than 

'° Argelander, Durchmusterung des n'ördl, Himmels zun- 
sehen 45° und 80° Decl. 1846, s. xxiv.-xxvi.; Sir John 
Hersphel, Astr. Observ. at the Cape of Good Hope, pp. 327, 
340, 365. 

■'^ Op, cit., p. 304, and Outl, p. 522. 

'^ Fhilos, Transact,, vol. Ivii. for the year 1767, p. 234. 



P^OTOMETKT. 127 

• 

the full moon;'^^ whence it follows that the light transmitted 
to us irom the sun is to the light which we receive from a 
Centauri as 22000 millions to 1. It seems therefore very pro- 
bable, when, in accordance with its parallax, we take into 
accoimt the distance of the star, that its (absolute) proper 
luminosity exceeds that of our sun by 2-^ times. Wollaston 
found the bnghtness of Sirius 20000 million times fainter 
than that of the sim. From what we at present believe to be 
the parallax of Sirius (0''*230) its actual (absolute) intensity of 
light exceeds that of the sun 63 times.'^^ Our sun there- 
fore belongs, in reference to the intensity of its process of 
light, to the fainter fixed stars. Sir John Herschel esti- 

■'^ Wollaston, in the Philos. Transact, for 1829, p. 27. 
Herschel's Outlines, p. 553. Wollaston's comparison of the 
light of the sun wiüi that of the moon was made in 1 799, and 
was based on observations of the shadows thrown by lighted 
wax tapers, while in the experiments made on Sirius in 1826 
and 1827, images reflected &om thermometer bulbs were em- 
ployed. The earlier data of the intensity of the sun's light, 
compared with that of the moon, differ widely from the results 
here given. They were deduced by Michelo. and Euler, from 
theoretical groimds at 450000 and 374000, and by Bouguer, 
from measurements of the shadows of the light of wax tapers, 
at only 300000. Lambert assumes Venus, in her greatest inten- 
sity of light, to be 3000 times fainter than the fuU moon. Ac- 
cording to Steinheil, the sim must be 3286500 times further 
removed from the earth than it is, in order to appear, like Arc- 
turus, to the inhabitants of our planet (Struve, Stellarum Com- 
positarum Mensura Micrometrica, p. clxiii.) ; and according to 
Sir John Herschel the light of Arcturus exhibits only half the 
intensity of Canopus ; (Herschel, Observ. at the Cape, p. 34.) 
All these conditions of intensity, more especially l5ie impor- 
tant comparison of the brightness of the sun, the frdl moon, and 
of the ash-coloured light of our satellite which varies so greatly 
according to the different positions of the earth considered as^ 
a reflecting body, deserve further and serious investigation. 

'* Outl, of Astr.y p. 553 ; Astr, Observ. at the Cape, p. 363. 
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mates the intensity of the light of Sirius to be equal to the 
light of nearly two hundred stars of the 6th magnitude. Since 
it is Tery probablcT, from analogy with the experiments already 
made, that all cosmical bodies are subject to variations both 
in their movements through space and in the intensity of 
their light, although such variations may occur at very long 
and undetermined periods, it is obvious, considering the de- 
pendence of all oi^anic life on the sun's temperature and 
on the intensity of its light, that the perfection of photo- 
metry constitutes a great and important subject for scientific 
inquiry. Such an improved condition of our knowledge can 
render it alone possible to transmit to fiiture generations 
numerical determinations of the photometric condition of the 
firmament. By these means we shall be enabled to explain 
numerous geognostic phenomena relating to the thermal history 
of our atmosphere, and to the earlier distribution of plants 
and animals. Such considerations did not escape the in- 
quiring mind of William Herschel, who, more than half a 
century ago, before the close connection between electricity 
and magnetism had been discovered, compared the ever 
luminous cloud-envelopes of the sim's body with the polar 
light of our own terrestrial planet.'* 

Arago has ascertained that the most certain method for the 
direct measurement of the intensity of light consists in observing 
the complementary condition of the coloured rings seen by trans- 
mission and reflection. I subjoin in a note,'* in his own words, 

'* William Herschel On the nature of the sun and fixed stars 
in the Phüos. Transact, for 1795, p. 62; and On the changes 
that happen to the fixed stars in the Phihs. Transact, for 1796, 
p. 186. Compare also Sir John Herschel, Ohserv. at the 
Cape, pp. 350-352. 

'• Extract of a Letter from M, Arago to M, de Humboldt^ 
May, 1850. 

Mesures photomHriques, 

" II n'existe pas de Photom^tre proprement dit, c'est-a-dire 
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the results oi my friend^s photometric "inethod, to which he 
has added an 'accoimt of the optical principle on which his 
cyanometer is based. 

The so-called relations of the magnitude of the fixed stars, as 

d'instrument donnant I'intensite d*une lumi^re isolee ; le Pho- 
tometre de Leslie, a I'aide duquel il avait eu Taudace de 
Touloir comparer la liuni^re de hi lune ä la lumiere du soleil, 
par des actions calorifiques, est compUtement defectueux. J*ai 
prouve, en effet, que ce pretendu Photometre monte quand 
on Texpose ä la lumiere du soleil, qu'il descend sous Taction 
de la lumiere du feu ordinaire, et qu'il reste completement 
stationnaire lorsquil re9oit la lumiere d'une lampe d'Argand. 
Tout ce qu*on a pu faire jusqu'ici, c'est de comparer entr'elles 
deux lumieres en presence, et cette comparaison n'est m^me a 
Tabri de toute objection que lorsqu'on ramene ces deux 
lumidres aTegalite par im affaiblissement graduel de la lumiere 
la plus forte. C*est comme criterium de cette egalite que j*ai 
employe les anneaux colores. Si on place Time sur I'autre deux 
lentilles d'un long foyer, il se forme autour de leur point de 
contact des anneaux colores tant par voie de reflexion que 
par voie de transmission. Les anneaux reflechis sont com- 
plementaires en couleur des anneaux transmis; ces deux 
series d'anneaux se neutralisent mutuellement quand les deux 
lumieres qui les forment et qui arrivent simultanement sur 
les deux lentilles, sont egales entr'elles. 

" Dans le cas contraire on voit des traces ou d*anneaux 
reflechis ou d'anneaux transmis, suirant que la lumiere qui 
forme les premiers, est plus forte ou plus foible que la lumiere 
ä laquelle on doit les seconds. C'est dans ce sens seulement 
que les anneaux colores jouent un r61e dans les mesures de 
la lumiere auxquelles je me suis livre." 

(6.) Cyanometre, 

** Mon cyanometre est une extension de mon polariscope. 
Ce dernier instrument, comme tu sais, se compose d'un tube 
ferme ä Tune de ses extremites par une plaque de cristal de 
roche perpendiculaire ä Taxe, de 5 millimetres d'epaisseur ; 
et d'lm prisme doue de la double refraction, place du cote de 
Iceil. Parmi les couleurs varices que donne cet appareil, 
lorsque de la lumiere polarisee le traverse, et qu'on fait toumer 

Vol. III. K 
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given in our catalogues and maps of the stars, sometimes indi- 
cate as of simultaneous occurrence that whidi belongs to very 
different periods of cosmical alterations of light. The order 
of the letters which, since the beginning of the seyenteenth 

le prisme sur lui-meme, se trouye par un heureux hasard la 
nuance du bleu de ciel. Cette couleur bleue fort af^ibHe, 
c'est-a-dire trds melangee de blanc lorsque la lumi^re est pres- 
que neutre, augmente d'intensite— progressiyement, ä mesure 
que les rayons qui pen^trent dans Finstrument, renferment 
une plus grande proportion de rayons polarises. 

'' Supposons done que le polariscope soit dirig^ sur ime 
feuiUe de papier blanc ; qu'entre cette feuille et la lame de 
cristal de roche il existe une pile de plaques de yerre suscep- 
tible de changer d'inclinaison, ce qui rendra la lumi^re eclair- 
ante du papier plus ou moins polarisee; la couleur bleue 
foumie par rinstrument ya en augmentant avec Tinclinaison de 
la pile, et Ton s'arr^te lorsque cette couleur parait la m^me 
que celle de la region de TatmosphdrC dont on yeut deter- 
miner la teinte cyanom^trique, et qu'on regarde a Foeil nu 
immediatement ä cote de I'instrument. La mesure de cette 
teinte est donnee par Tinclinaison de la pile. Si cette demidre 
partie de Tinstrument se compose du meme nombre de plaques 
et dWe m^me esp^ce de yerre, les observations faites dans 
divers lieux seront par&itement comparables entr'eUes." 

(a.) Photometric Measurements, 
" There does not exist a photometer properly so called, that 
is to say, no instrument giving the intensity of an isolated light ; 
for Leslie's photometer, by means of which he boldly supposed 
that he could compare the light of the moon with that of the 
sun, by their caloric actions, is utterly defective. I found, in 
fact, that this pretended photometer rose on being exposed to 
the light of the sun, that it fell when exposed to a moderate 
fire, and that it remained altogether stationary when brought 
near the light of an Argand lamp. All that has hitherto 
been done has been to compare two lights when contiguous 
to one another, but even this comparison cannot be relied on 
imless the two lights be equalized, the stronger being gradually 
reduced to the intensity of the feebler. For the purpose of 
judging of this inequality I employed coloured rings. On 
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century, have been added to the stars in the generally ccm- 
Sulted Uranometria Bayeri, are not, as was long supposed, 
certain indications of these alterations of light. Argelander 
has ably shown, that the relative brightness of the stars cannot 

placing on one another two lenses of a great focal length, co- 
loured rings will be formed round their point of contact as much 
by means of reflection as of transmission. The colours of the 
reflected rings are complemcQtary to those of the transmitted 
rings ; these two series of rings neutralise one another when 
the two lights by which they are formed and which fsUl 
simultaneously on the two lenses are equal. 

" In the contrary case, we meet with traces of reflected or 
transmitted rings, according as the light by which the former 
are produced, is stronger or fainter than that from which 
the latter are formed. It is only in this manner that co- 
loured rings can be said to come into play in those photo- 
metric measurements to which I have directed my attention.'' 

(Ä.) Cyanometer, 

" My Cyanometer ia an extension of my polariscope. This 
latter instrument, as you know, consists of a tube closed at one 
end by a plate of rock crystal, cut perpendicular to its axis, 
and 5 millimetres in thickness; and of a double refracting 
prism placed near the part to which the eye is applied. Among 
the varied colours yielded by this apparatus, when it is 
traversed by polarised light and the prism turns on itself, we 
fortunately find a shade of azure. This blue, which is very 
fidnt, that is to say mixed with a large quantity of white when 
the light is almost neutral, gradually increases in intensity in 
proportion to the quantity of polarised rays which enter the 
instrument. . 

" Let us suppose the polariscope directed towards a sheet 
of white paper ; and that between tfcis paper and the plate 
of rock crystal Üiere is a pile of glass plates capable of being 
variously inclined, by which means the illuminating light of 
the paper would be more or less polarised ; the blue colour 
yielded by the instrument will go on increasing with the in- 
clination of the pile ; and the pi^ocess must be continued until 
the colour appears of the same intensity with the region 
of the atmosphere whose cyanometrical tinge is to be deter- 

k2 
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be inferred from the alphabetical order of the letters, and that 
Bayer was influenced in his choice of these letters, by the 
form and direction of the constellations.^ 



PHOTOMETKIC AKRANGEMENT OF THE FIXED STAKS. 

I close this section with a table taken from Sir John 
Herschel's Outlines of Astronomy, pp. 645 and 646. I am 
indebted for the mode of its arrangement, and for the follow- 
ing lucid exposition, to ray learned friend Dr. Galle, from 
whose communication, addressed to me, in March, 1850, I 
extract the subjoined observations : — 

" The numbers of the photometric scale in the Outlines of 
Astronomy have been obtained by adding throughout 0*41 
to the results calculated from the vulgar scale. Sir John 
Herschel arrived at these more exact determinations by ob- 
serving their *' sequences" of brightness, and by combining 
these observations with the average ordinary data of magni- 
tudes, especially on those given in the catalogue of the Astro- 
nomical Society for the year 1827. (See Observ. at the Cape^ 
pp. 304-352.) The actual photometric measurements of seve- 
ral stars as obtained by the Astrometer {op, cit. p. 353), have 
not been directly employed in this catalogue, but have only 
served generally to show the relation existing between the 
ordinary scale (of 1st, 2nd, 3rd, &c», magnitudes) to the actual 
photometric quantities of individual stars. This comparison 
has given the singular result that our ordinary stellar magni- 
tudes (1, 2, 3 . ..) decrease in about the same ratio as a star of 
the 1st magnitude when removed to the distances of 1, 2, 3 . .. 

mined, and which is seen by the naked eye in the immediate 
vicinity of the instrument. The amount of this colour is given 
by the inclination of the pile ; and if this portion of the appa- 
ratus consist of the same number of plates formed of the same 
kind of glass, observations made at different places may readily 
be compared together." 

" Argelander de fide Uranometrice Bayeri^ 1842, pp. 14-23. 
" In eadem classe littera prior majorem splendorem nullo modo 
indicat" (§ 9). Bayer did not üierefore show that the light 
of Castor was more intense in 1 603 than that of Pollxix. 
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by which its brightness, according to photometric law, would 
attain the values 1, i, -J^, iV*^* • • {Observ. at the Cape^ pp. 371, 
372; OwA^5,pp. 521, 522); in order, however, to make this 
accordance still greater, it is only necessary to raise our pre- 
viously adopted stellar magnitudes about hsdf a magnitude (or 
more accurately considered 0*41) so that a star of the 2*00 mag- 
nitude would in future be called 2*41, and star of 2*50 would be- 
come 2*91, and so forth. Sir John Herschel therefore proposes 
that this " photometric" (raised) scale shall in future be adopted 
( Observ. at the Cape^ p. 372, and Outlines^ p. 522) — a proposition 
in which we cannot fail to concur. For while on the one hand 
the difference from the vulgar scale would hardly be felt {Ob- 
serv. at the Cape, p. 372) ; the table in the Outlines (p. 645) 
may, on the other hand, serve as a basis for stars down to the 
fourth magnitude. The determinations of the magnitudes of 
the stars according to the rule, that the brightness of the stars 
of the 1st, 2nd, 3rd, 4th magnitude is exactly as 1, ^, •^, i^ . . .as 
is now shown approximatively, is therefore already practicable. 
Sir John Herschel employs aCentauri as the standard star of the 
first magnitude, for his photometric scale, and as the unit for the 
quantity of light {Outlines, p. 523 ; Observ. at the Cape^ p. 372). 
If therefore we take the square of a star's photometric mag- 
nitude, we obtain the inverse ratio of the quantity of its light 
to that of a Centauri. Thus for instance if k Orionis have a pho- 
tometric magnitude of 3, it consequently has \ of the light of 
a Centauri. The number 3 would at the same time indicate 
that K Orionis is 3 times more distant from us than a Centauri, 
provided both stars be bodies of equal magnitude and bright- 
ness. If another star, as for instance Sirius, which is four 
times as bright, were chosen as the unit of the photometric 
magnitudes indicating distances, the above conformity to law 
would not be so simple and easy of recognition. It is also 
worthy of notice that the distance of a Centauri has been 
ascertained with some probability, and that this distance is 
the smallest of any yet determined. Sir John Herschel 
demonstrates {Outlines, p. 521,) the inferiority of other scales 
to the photometric, which progresses in order of the squares, 
1, \,\, -jSy. . . He likewise treats of geometric progressions, as 
for instance, 1, i, i» j, . . . or 1, ^, ^, •^. . . . The gradations 
employed by yourself in your observations under the equator, 
during your travels in America, ai*e arranged in a kind of 
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anthmetical progression {Rectteil tTObaerv. Astron,, vol. i. 
p. Ixxi., and Schumacher's Ästron, Nachr, no. 374). These 
scales however correspond less closely tiian the photometric 
soak of progression (by squares) with the Tulgar scale. In 
the following table the 190 stars have be^i given from the 
OtUlineSi without reference to their declination, whether 
southern or northern, being arranged solely in accordance 
with their magnitudes." 

List of 190 stars from the 1st to the did magnitude, arranged 
according to the determinations of Sir John Herschel, giving 
the ordinary maffnitodes with greater accuracy, and likewise 
the magnitudes in accordance with his proposed photometric 
dassification : — 

Stars of the First Magnitude. 



Star. 



Magnitude. 



Sirius 

rj Argus (Var.) 

CanopuB .... 
a Centauri .... 

Arcturus .... 

Kigel 

Capella 

a LyrsB 

Procyon 



Tulg. 



0-08 



0-29 

0-59 

0-77 

0-82 

1-0 

1-0 

1-0 



Phot. 



0-49 

0-70 
1-00 
1-18 
1-2S 
1-4: 
1-4: 
1-4: 



Star. 



a Orionis .. 
a Eridani .. 

Aldebaran 
ß Centauri .. 
a Cruds 

Antajres .. 
a AquiUe .. 

Spica 



Magnitude. 



Vulg. 



10: 

1-09 

1-1: 

1-17 

1-2 

1-2 

1-28 

1-38 



Phot 



1-43 

1-50 

1-5: 

1-58 

1-6 

1-6 

1-69 

1-79 



Stars 


op the Second Magnitude. 




Star 


Magnitude. 


Star. 


Magnitude. 




Vulg. 


Phot. 


Vulg. 


Phot 


Fomalhaut 

/3 Crucis 


1-64 
1-57 
1-Ö: 
1-6: 
1-66 
1-73 
1-84 
1-86 


1-95 
1-98 
20: 
2-0: 
2-07 
214 


\ Scorpii 

a Cygni 

Castor 

€ Urs« (Var.) ... 
a UraaB^Var.) ... 
Z Ononis 


1-87 
1-90 
1-94 
1-95 
1-96 
201. 
2-03 


2-28 
2-31 


'Polhix 

Be^niluB 


2-35 
2-36 


a Qn^ 

y Crucis _ 


2-87 
2-42 


€ Orio]ii&. 


2-25 
2-27 


ß Argus 


2-44 


f Canis 


~ © •...•..•••■- 
m Persei 


2-07 ] 2-48 
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Stabs of the Second Magnitttde — continued. 



Star. 


Magnitude. 


Star. 


Magnitude. 




Vulg. 


Phot. 


Yulg. Phot. 


y Aigus 

c Argus 

j; TJr88e(Var.) .... 

y OrioniR 

a Triangaastr. ... 

£ Sagittarii 

ß Tauri 


2-08 
2-18 
2-18 
218 
2-23 
2-26 
2-28 
2-28 
2^9 
2-30 
2-32 
2-33 


2-49 
2-59 
259 
2-69 
2-64 
2-67 
2-69 
2-69 
2-70 
2-71 
2-78 
2-74 


y Leonis 

ß Gruis 


2-34 
2-36 
2-40 
2-41 
2-42 
2-43 
2-46 
2-46 
2-46 
2-48 
2-60 


2-76 

2-77 


a Arietis 

0* Sagiitarii 

5 Argus 

Z, Ursse 


2-81 
2-82 
2-83 
2-84 


ß Andromedee ... 
^Oeti 


2*86 


Polaris 


2-87 


Scorpii 

a Hydrae 


X Aigus 

ß AunfTiB 


2-87 
2-89 


S Oanis 


y Andromedss ... 


2*91 


a Payonis 





Stabs op the Thibd Magnitude. 



Star. 



y CasBiopeisB . 
a Andromedse 
Q Centauii .... 
a Caasiopei» . 

ß CSanis 

K Orionis 

Cbminoruin. 

Ononis....... 

Algol (Var.) 

Pegasi 

iDraconis .... 

Leonis 

a Ophiuchi .... 
ß dassiopeiffi . 
y Oygni ...... 

a Pegasi . 

ß Pegasi 

y Oentauri .... 

a Ooronse 

y UrssB 

£ Scorpii 

^ Argus 

ß Uwae 

a Phoenicis .... 



\ 



y 
ß 



Magnitude. 


Yulg. 


Phot. 


2-52 


293 


2-64 


2-95 


2-54 


2-95 


2-57 


2-98 


2-58 


299 


2-59 


300 


2-59 


3 00 


2-61 


8 02 


2-62- 


303 


2-62 


303 


2-62 


3 03 


2-63 


304 


2-63 


804 


2-63 


304 


263 


3-04 


2-65 


306 


2-65 


3-06 


2-68 


3-09 


2-69 


310 


2-71 


312 


2-71 


312 


272 


813 


2-77 


818 


2-78 


819 



Star. 



I Argus 

£ Bootis 

a Lupi 

£ C^itauii 

rj Canis 

ß Aquarii 

d Scoipii 

£ Cygni 

ri Ophiuchi 

y Corvi 

a Cephei 

S Centauri 

a Serpentis 

d Leonis 

K Argus. ..^ 

ß Corvi 

ß Scorpii 

^ Centauri 

t Ophiuchi 

a Aquarii 

w Argus 

y Aquilae 

Cassiopeitk« 

d Centauri 



Magnitude. 



Vulg. 


Phot. 


2-80 


3-^1 


2-80 


3-21 


2-82 


3-23 


2-82 


3-23 


285 


8-26 


2-85 


8-26 


2-86 


3-27 


2-88 


3-29 


2-89 


3 '30 


290 


3-31 


2-90 


3-31 


2-91 


8-32 


292 


3-83 


2-94 


8-85 


2-94 


8-85 


2-95 


8-86 


2-96 


8-37 


2-96 


s-s? 


2-97 


8-88 


2-97 


8-88 


2-98 


839 


2-98 


8-89 


2-99 


»•40 


2-99 


8*40 
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Stabs op the Thibd MAOsnvDSr^conlinued. 



Star. 


Magn 


tnde. 


SUr. 


Magnitude. 


Vulg. 


Phot. 


Tulg. 


Phot 




B'OI) 
8-00 
3-01 
301 
302 
3-05 
3'Oa 
3'07 
3-08 
3-08 
3'09 
311 
S'll 
3-12 
3-13 
S'l* 
3-14 
315 

8'ir 

8-18 
3-20 
3-20 
3-22 
8-22 
3-23 
3-2i 
3-28 
3-28 
3 2« 
3-26 
3-27 
3-27 
3-28 
3-28 
3-2e 
3-30 
SSI 
3'Sl 
8-S2 
832 
3 32 

3-33 


3-il 
3-41 
3-42 
3-42 
3 43 
3-i6 
3-47 
3-48 
3-49 
8-49 
8-60 
3ß2 
3-S2 
8-B3 
3'St 
3-S5 
8-55 
3-56 
3-68 
3'BB 
3-61 
3-61 
3-63 
3-83 
8-64 
3-BB 
3-87 
3-67 
3-67 
8-67 
3-68 
3'6S 
8G9 
3-69 
3-70 
3-71 
3-72 
3-72 
3-73 
3-73 
3-73 
3-73 


;3 Triang. bor, ... 


8-34 
8-35 
3-35 
3'35 
3'36 
3-3H 
3-8a 
3-36 
337 
3-3T 
3-87 
3-39 
3-40 
8-40 
3-40 
3-41 
3-41 
3-42 
3-42 
3-42 
3-43 
3-43 
3-43 
3-4* 
3-44 
8-44 
3-44 
3-45 
3-46 
3-45 
3-45 
346 
3'4S 
84e 
3-46 
8-47 
3-48 
8-48 
3-4B 
3-4B 
3 SO 
3-60 
3-60 




8 OpEincM 

I aigltlarU 


3-76 
3-76 




ß I^poria 


3-78 


^OpUochi 


3-77 
8-77 




^Uraffi 

. Aurignj (Var.) ,. 

V Scorpii 

. Orionig 








ß Aüetii" '.'.'.'.'.'.'.'.'. 


3-7S 
8-78 


a Ubite 

X S«gi(UiU 






a Ana 

ffSagitlarii 

IT Hereulia 

ß Cim.mm.) 

S: Tauri 

<F UracDiiiB 

11 Gominorum ... 


3-81 
381 


■ TirffinUI 

a CoImntM 

3 Anrig« 


3-82 
3-8S 
3-83 
383 




3'84 


S Caprkomi 

a Com 




384 
3-8* 
3'8E 


ß Oph'iuclii 


T Scorpii 


3-86 


f Pe^[ ;■ 


S GemiDomin .. 








ß EridMii' 

a Argua 












3'86 






3-87 




ß Triang.anatr. ... 

ij Anrigiii".".'.'.'.'... 

7 LjT» 

17 Qeminornm ... 


a-fi7 




3-87 


. AuripB 

y Unu mm. 

Sir' 


3-87 
888 

8-BO 
a-80 




I Caraopei» 

S Aqiiilie 

n Scorpii 


a-eo 


ß Caprieomi 

p Ai^ 


3-80 
3-Sl 




3-91 
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The following short table of the photometric quantities of 
1 7 stars of the 1 st magnitude (as obtained from the photome- 
tric scale of magnitudes) may not be devoid of interest:" 

Sinus 4-165 

i; Argus — 

Canopus 2*041 

aCentauri ... . . . . 1000 

Arcturus 0*718 

Rigel 0-661 

Capella 0*510 

aLyrae 0*510 

Procyon 0*510 

aOrionis 0*489 

aEridani 0*444 

Aldebaran . . . . . . 0*444 

ACentauri 0*401 

aCrucis 0*391 

Antares 0*391 

aAquilsB 0*350 

Spica . . . . . . 0*312 

" The following is the photometric quantity of stars strictly 

bßlon^ng to the 1, 2 6 magnitudes in which the 

quantity of the light of a Centauri is regarded as the unit :" 

Magnitude on the vulgar scale. Quantity of Light. 

1*00 0500 

200 0172 

300 0*086 

4*00 0051 

5*00 0*034 

6*00 0024 
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KXTMBEB, DISTEIBITTION, AND COLOUB OP THE FIXED 
STABS. — STELLAB MASSES (STELLAB SWAEMS). — THE 
MILKY WAY INTEBSPEBSED WITH A FEW NEBULOUS 
SPOTS. 

We haye already, in the first section of tHs fragmentary As- 
trognosy, drawn attention to a question first mooted by Olbers.^ 
If the entire vault of heaven were covered with imramerable 
strata of stars, one behind the other, as with a wide-spread 
starry canopy, and light were imdiminished in its passage 
through space, the sun would be distinguishable only by 
its spots, the moon would appear as a dark disc, and amid 
the general blaze not a single constellation would be 
visible. Daring my sqjoum in the Peruvian plains, between 
I3ie shores of the Pacific and t)ie chain of the Andes, I was 
vividly reminded of a state of the heavens, which, though 
diametrically opposite in its cause to the one above referred 
to, constitutes an equally formidable obstacle to himian 
knowledge. A thick mist obscures the firmament in this region 
for a period of many months, during the season, called el 
tiempo de la garua. Not a planet, not the most brilliant stars 
of the southern hemisphere, neither Canopus, the southern 
Cross, nor the feet of the Centaur, are visible. It is frequently 
almost impossible to distinguish the position of the moon. 
If by chance the outline of the sim*s disc be visible during 
the day it appears devoid dP raySj as if seen through 
coloured glasses, being generally of a yellowish red, some- 

* Vide supra, p. 46 and note. 
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times of a white^ and' occasionally even of a bluish green 
colour. The mariner, driven onwaids by the cold south cur- 
rents of the sea, is imable to recognize the shores, and in the 
absence of all observatioDS of latitude sails past the harbours 
which he desired to enter. A dipping needle alone could, as 
I have elsewhere shown, save him from this error, by the 
local direction of the magnetic curves.' 

Bouguer and his coadjutor, Don Jorge Juan, complained, 
long before me, of the ^'imastronomical sky of Peru." A 
graver consideration associates itself with this stratum of 
vapours in which there is neither Ümnder nor lightning, in 
consequence of its incapacity &r the transmission of light or 
electric charges, and above which the Cordilleras, &ee and 
cloudless, raise their elevated plateaux and snow-covered 
summits. According to what modem geol<^ has taught us 
to conjecture regarding the ancient history of our atmosphere, 
its primitive condition, in respect to its mixture and density, 
must have been unfavourable to the transmission of li^ht. 
When we consider the numerous processes which in tiie pri- 
mary world may have led to the separation of the solids, 
fluids, and gases around the earth's surface, the thought invo^ 
lontarily arises how narrowly the human race escaped beii^ 
surrounded with an untransparent atmosphere, which though 
perhaps not greatly prejudicial to some dasses of vegetation, 
would yet have completely veiled the whole of the starry 
canopy. All knowledge of the structure of the imiverse would 
thus have been withheld frcmi the inquiring spirit of man. 
Excepting our own globe, and perhaps the sun and the moon, 
nothing would have appeared to us to have been created. An; 
isolated triad of stars— «the sun, the moon, and the earth — woidd 
have appeared the sole occupants of space. Deprived of a 
great, and indeed of the sublimest portion of his ideas of 

' Cosmos^ vol. i. p« 171 and note. 
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The Arabs had the great merit of showing how tables might 
be graduaUy amended by a comparison with observations. 
XJlugh Beg*s catalogue of the stars, originally written in 
Persian, was entirely completed from original observations 
made in the Gymnasium at Samarcand, with the exception 
of a portion of the southern stars enumerated by Ptolemy,^* 
and not visible in 39° 52' lat. (?) It contains only 1019 
positions of staris, which are reduced to the year 1437. A 
«ubsequent commentary gives 300 other stars, observed by 
Abu-Bekri Altizini in 1533. Thus we pass from Arabs, 
Persians, and Moguls, to the great epoch of Copernicus, and 
nearly to that of Tycho Brahe. 

The extension of navigation in the tropical seas, and in 
high southern latitudes, has, since the beginning of the six- 
teenth century, exerted a powerful influence on the gradual 
■extension of our knowledge of the firmament, though in 
a less degree than that effected fi century later by the ap- 

'^ - ■■! ■ I M^HI 

" In my investigations on the relative value of astronomical 
determinations of position in Central Asia {Aste centrale, 
t. iii. pp. 581-596), I have given the latitudes of Samarcand 
and Bokhara according to äe different Arabic and Persian 
MSS. contained in the Paris Library. I have shown that the 
former is probably more than 39° 52', whilst most of the best 
manuscripts of Ulugh Beg give 39° 37', and the Kitah al-athual 
of Alfares, and the Kanum of Albyruni give 40°. ' I would 
again draw attention to the importance, in a geographical no 
less than an astronomical point of \\ew, of determining the 
longitude and latitude of Samarcand by new and trustworthy 
observations. Bumes's Travels have made us acquainted with 
the latitude of Bokhara, as obtained from observations of 
.culmination of stars ; which gave 39° 43' 41". There is there- 
fore only an error of from 7 to 8 minutes in the two fine Persian 
and Arabic MSS. (Nos. 164 and 2460) of the Paris Library. 
Major Kennell, whose combinations are generally so suc- 
cessful, made an error of about 1 9' in determining the latitude 
of Bokhara. (Humboldt, Asie centrale^ t. iii. p. 592, and 
Sedillot in the ProUgomhnes d' Oloug-Beg^ pp. cxxiii.-cxxv.) 
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plication of the telescope. Both were the means of revealing 
new and unknown regions of space. I have already in other 
works considered" the reports circulated first by Americus 
Vespucius, then by Magellan, and Pigafetta (the companion of 
Magellan and Elcano), concerning the splendour of the southern 
sky; and the descriptions given by Vicente Yanez, Pinzon, 
and Acosta, of the black patches (Coal Sacks), and by 
Anghiera and Andrea Corsali of the Magellanic clouds. A 
merely sensuous contemplation of the aspect of the heavens 
here also preceded measuring astronomy. The richness of the 
firmament near the southern pole, which, as is well known, is 
on the contrary peculiarly deficient in stars, was so much 
exaggerated that the intelligent Polyhistor Cardanus indi- 
cated in this region 10000 bright stars which were said to 
have been seen by Vespucius with the naked eye." 

Friedrich Houtman and Petrus Theodori of Embden (who, 
according to Olbers, is the same person as Dircksz Keyser) 
now first appeared as zealous observers. They measured dis- 
tances of stars at Java and Sumatra; and at this period the 
most southern stars were first marked upon the celestial maps 
of Bartsch, Hondius, and Bayer, and by Kepler's industry 
were inserted in Tycho Brahe's Rudolphine tables. 

Scarcely half a century had elapsed from the time of Ma- 
gellan's circumnavigation of the globe before Tycho com- 
menced his admirable observations on the positions of the 
fixed stars, which far exceeded in exactness all that had hitherto 
been done in practical astronomy, not excepting even the la- 
borious observations of the Landgrave William IV. at Caäsel. 
Tycho Brahe's catalogue, as revised and published by Kepler, 
contains no more than 1000 stars, of which one-fourth at 



■» ■ « 



". Cosmos^ pp. 664-8 ; Humboldt, Examm crit. de VHis- 
toire de la (r%r.,t. iv. pp. 321-336; t. v. pp. 226-238. 

" Cardani Paralipomenon, lib. viii. cap. 10. {Opp,, t. ix. 
ed. Lugd. 1663, p. 508.) 
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most belong to the sixth magnitude. This catalogue, and that 
of Hevelius, which was less frequently employed, and con- 
tained 1564 determinations of position for the year 1660, were 
the last which were made by the imaided eye, owing their 
compilation in this manner to the capricious disinclination of 
the Dantzig astronomer to apply the telescope to purposes of 
measurement. 

This combination of the telescope with measuring instru- 
ments — ^the union of telescopic vision and measurements — ^at 
length enabled astronomers to determine the position of stars 
below the sixth magnitude, and more especially between the 
seventh and the twelfth. The region of the fixed stars might 
now for the first time be said to be brought within the 
reach of observers. Enumerations of the fainter telescopic 
stars, and determinations of their position, have not only 
yielded the advantage of making a larger portion of the regions 
of space known to us by the extension of the sphere of observa- 
tion, but they have also (what is still more important) indirectly 
exercised an essential influence on our knowledge of the struc- 
ture and configuration of the universe, on the discovery of new 
planets, and on the more rapid determination of their orbits. 
When William Herschel conceived the happy idea of as it were 
casting a sounding line in the depths of space, and of counting 
during his gaugings the stars which passed through the field of 
his great telescope," at difierent distances from the Milky Way, 
the law was discovered that the number of stars increased 
in proportion to their vicinity to the Milky Way — a law which 
gave rise to the idea of the existence of large concentric rings 
filled with millions of stars which constitute the many-cleft 
Galaxy. The knowledge of the nimiber and the relative posi- 
tion of the faintest stars facilitates (as was proved by Galle's 
rapid and felicitous discovery of Neptime, and by that of 
several of the smaller planets) the recognition of planetary 

" Cosmos, vol. i. pp. 71-73. 
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cosmical bodies which change their positions, moving as it were 
between fixed boundaries. Another circumstance proves even 
more distinctly the importance of very complete catalogues of 
the stars. If a new planet be once discovered in the vault of 
heaven, its notificMion in an older catalogue of positions wiU ' 
materially facilitate the difficult calculation of its orbit. The 
indication of a new star which has subsequently been lost sight 
of, frequently afibrds us more assistance than, considering the 
slowness of its motion, we can hope to gain by the most careful 
measurements of its course through many successive years. 
Thus the star numbered 964 in the catalogue of Tobias Mayer 
has proved of great importance for the determination of Uranus, 
and the star numbered 26266 in Lalande's catalogue" for that 
of Neptune. Uranus, before it was recognized as a planet, had, 
as is now well known, been observed twenty-one times ; once, 
as already stated, by Tobias Mayer, seven times by Flamstead, 
once by Bradley, and twelve times by Le Monnier. It may be 
said that our increasing hope of future discoveries of planetary 
bodies rests partly on the perfection of our telescopes (Hebe, 
at the time of its discovery in July, 1847, was a star of the 8*9 
magnitude, while in May, 1849, it was only of the 11th mag- 
nitude), and partly, and perhaps more, on the completeness of 
our star-catalogues, and on the exactness of our observers. 

The first catalogue of the stars which appeared after the 
epoch when Morin and Gascoigne taught us to combine tele- 
scopes with measuring instruments, was that of the southern 

" Baily, Cat. of those stars in the *^ Histoire Cileste^^ of 
Jerome de Lalande^ for ichich tables of reduction to the epoch 
1800 have been published by Prof Schumacher^ 1847, p. 1195. 
On what we owe to the perfection of star catalogues see the 
remarks of Sir John Herschel in Cat, of the British Assoc, y 
1845, p. 4, § 10. Compare also, on stars that have disap- 
peared, Schumacher, Astr, Nachr., no. 624, and Bode, Jahrb. 
für 1817, s. 249 
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stars compiled by Halley. It was the result of a short resi- 
dence at St. Helena in the years 1677 and 1678, but, singu- 
larly enough, does not contain any determinations below 
the 6th magnitude.** . Flamstead had, indeed, begun his 
great Star AÜas at an earlier period; but the work of this ^ 
celebrated observer did not appear till 1712. It was suc- 
ceeded by Bradley's observations (from 1750 to 1762), which 
led to the discovery of aberration and nutation, and have been 
rendered celebrated by the Fundamenta Astronomim of our 
countryman Bessel (1818),** and by the stellar catalogues of La 
CaiUe, Tobias Mayer, Cagnoli, Piazzi, Zach, Pond, Taylor, 
Groombridge, Argelander, Airy, Brisbane, and Rümker. 

We here only allude to those works which enumerate a great 
and important part^ of the stars of the 7th to the 10th magni- 

" Memoirs of the Royal Astron, Soc, vol. xiii. 1843, 
pp. 33 and 168. 

^ Bessel, Fundamenta Astronomice pro anno 1755, deducta 
ex ohservationibus viri incompardbilis James Bradley in Specula 
astronomica Grenovicensi, 1818. Compare also Bessel, Tabula 
Heyiomontana reductionum ohservationum astronomicarwn ah 
mmo 1750 usque ad annum 1850 computatce (1830). 

^ 1 here compress into a note the numerical data taken 
from star catalogues, containing lesser masses and a smaller 
number of positions, with the names of the observers, and 
the number of positions attached: — La Caille, in scarcely 
ten months, during the years 1751 and 1752, with instru- 
ments magnifying only eight times, observed 9766 southern 
stars, to the 7th magnitude inclusive, which were reduced to 
the year 1750 by Henderson; Tobias Mayer, 998 stars to 
1756 ; Flamsteaa, originally only 2866, to which 564 were 
added by Baily's care; {mem, of the Astr. Soc, vol. iv. 
pp. 1291-64) ; Bradley, 3222, reduced by Bessel to the year 
1755; Pond, 1112; Piazzi, 7646 to 1800; Groombridge, 
4243, mostly circumpolar stars, to 1810 ; Sir Ihomas Brisbane, 
and Kümker, 7385 stars, observed in New Holland, in the 
years 1822-1828; Airy, 2156 stars, reduced to the year 
1845 ; Kümker, 12000 on the Hambui^ horizon ; Argelander, 
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tude which occupy the reakns of space. The catalogne known 
Tinder the name of Jerome de Lalande's, but which is, however, 
solely based on observations made by his nephew, Frangois 
de Lalande, and by Burckhardt between the years 1789 and 
1800, has only recently been duly appreciated. After having 
been carefuUy revised by Francis Baily, under the direction of 
the " British Association for the Advancement of Science," (in 
1847,) it now contains 47390 stars, many of which are of the 
9th and some even below that magmtude. Harding, the disco- 
verer of Juno, catalogued above 50000 stars in twenty-seven 
maps. Bessel's great work on the exploration of the celestial 
zones, which comprises 75000 observations (made in the years 
1825-1833 between — 15° and -f 45° declination) has been 
continued from 1841 to 1844 with the most praiseworthy care, 
as &r as + 80° decl. , by Argelander at Bonn. Weisse of Cracow, 
under the auspices of the Academy of St. Petersburg has re- 
duced 31895 stars for the year 1825, (of which 19738 belonged 
to the 9th magnitude) from Bessel's zones, between — 15° 
and + 15° decl. ;** and Argelander's exploration of the 
northern heavens from -f- 45° to -f 80° ded. contains about 
22000 well determined positions of stars. 

I cannot, I think, make more honourable mention of the 
great work of the star maps of the Berlin Academy, than by 
quoting the words used by Encke, in reference to this under- 
taking, in his oration to the mem<My of Bessel: — ^"With 
the completeness of catalogues is connected the hope that 

rCat. of Abo,) 560; Taylor, (Madras,) 11015. The British 
Association Catalogue of Stars, (1845,) drawn up imder Baily's 
superintendence, contains 8377 stars from the 1st to 7^ magni- 
tudes. For the southern stars we have the rich catalogues 
of Henderson, Fallows, Maclear, and Johnson at St. Helena. 

^ Weisse, Positiones medice stellarum fixarum in Zoms 
Itegiomontanis a Besselio inter — \b° et -|- 15° decl, ohserva- 
tarum ad annum 1825 reducta, (1846); with an important 
Preface by Struve. 
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oy a careful comparison of the different aspects of the heavens 
with those stars which have been noted as fixed points, we 
may be enabled to discover all moving celestial bodies, whose 
change of position can scarcely, owing to the faintness of their 
light, be Acted by the unaided eye, and that we may in this 
manner complete our knowledge of the solar system. While 
Harding's admirable atlas gives a perfect representation of 
the starry heavens — as far as Lalande's Histoire CSleste, on 
which it is foimded, was capable of affording such a picture — 
Bessel, in 1824, after the completion of the first main section 
of his zones, sketched a plan for grounding on this basis a 
more special representation of the starry firmament, his 
object being not simply to exhibit what had been already 
observed, but likewise to enable astronomers by the complete- 
ness of his tables at once to recognize every new celestial 
phenomenon. Although the star maps of the Berlin Aca- 
demy of Sciences, sketched in accordance with BessePs plan, 
may not have wholly completed the first proposed cycle, 
they have nevertheless contributed in a remarkable degree 
to the discovery of new planets, since they have been the prin- 
cipal if not the sole means to which, at the present time ( 1850), 
we owe the recognition of seven new planetary bodies."^ . Of 
the twenty-four maps designed to represent that portion of 
the heavens which extends 15° on either side of the equator, 
our Academy has already contributed sixteen. These contain, 
as far as possible, all stars down to the 9th magnitude and 
many of the 10th. 

The present would seem a fitting place to refer to the 
average estimates which have been hazarded on the number 
of stars throughout the whole heavens, visible to us by the 
aid of our colossal space-penetrating telescopes. Struve 
assumes for Herschers twenty-feet reflector, which was em- 



Encke, Gedächtnissrede auf Bessel^ s. 13. 
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ployed in making the celebrated star-gauges or sweeps, that a 
magnifying power of 180 would give 5800000 for the number 
of stars lying within the zones extending 30° on either side of 
the equator, and 20374000 for the whole heavens. Sir 
"William Herschel conjectured that 18 millions of stars in the 
Milky Way, might be seen by his still more powerful forty- 
feet reflecting telescope.^* 

After a careful consideration of all the fixed stars, whether 
visible to the naked eye or merely telescopic, whose positions 
are determined, and which are recorded in catalogues, we turn 
to their distribution and grouping in the vault of heaven. 

As we have already observed, these stellar bodies, from the 
inconsiderable and exceedingly slow (real and apparent) change 
of position exhibited by some of them — ^partly owing to pre- 
cession and to the different influences of the progression of our 
solar system, and partly to their own proper motion — may be 
regarded as landmarks in the boimdless regions of space, 
enabling the attentive observer to distinguish all bodies that 
move among them with a greater velocity or in an opposite 
direction— consequently all which are allied to telescopic 
comets and planets. The first and predominating interest ex- 
cited by the contemplation of the heavens is directed to the 
fixed stars, owing to the multiplicity and overwhelming mass 
of these cosmical bodies ; and it is by them that our highest 
feelings of admiration are called forth. -The orbits of the 
planetary bodies appeal rather to inquiring reason, and, by 
presenting to it complicated problems, tend to promote the 
development of thought in relation to astronomy. 

Amid the innumerable multitude of great and small stars 
which seem scattered, as it were by chance, throughout the 
vault of heaven, even the rudest nations separate single 

** Compare Struve, Etudes d*Astr, stellatre, 1847, pp. 66 and 
72 ; Cosmos, vol. i. p. 140; and Madler, Ästt\, 4te Aiifl. § 417. 
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(and almost invariably the same) groups, among which certain 
bright stars catch the observer's eye, either by their proxi- 
mity to each other, their juxtaposition, or, in some cases, by 
a kind of isolation. This fact has been confirmed by recent 
and careful examinations of several of the languages of so- 
called savage tribes. Such groups excite a vague sense of 
the mutual relation of. parts, and have thus led to their 
receiving names, which, although varying among different 
races, were generally derived from organic terrestrial objects. 
Amid the forms with which fancy animated the waste and 
silent vault of heaven, the earliest groups thus distinguished 
were the seven-starred Pleiades, the seven stars of the Great 
Bear, subsequently (on accoimt of the repetition of the same 
form) the constellation of the Lesser Bear, the belt of Orion 
(Jacob's stafP), Cassiopeia, the Swan, the Scorpion, Üie 
Southern Cross (owing to the strikmg difference in its direc- 
tion before and after its culmination), the Southern Crown, 
the Feet of the Centaur (the Twins, as it were, df the 
Southern hemisphere), &c. 

Wherever steppes, grassy plains or sandy wastes present a 
far-extended horizon, those constellations whose rising or 
setting corresponds with the busy seasons and requirements of 
pastoral and agricultural life, have become the subject of atten- 
tive consideration, and have gradually led to a symbolising 
connection oi ideas. Men thus became familiarised with the 
aspect of the heavens before the development of measuring 
astronomy. They soon perceived that besides the daily move- 
ment from east to west, which is common to all celestial bodies, 
the sun has a far slower proper motion in an opposite direc- 
tion. The stars which shine in the evening sky sink lower 
every day, until at length they are wholly lost amid the 
rays of the setting sim ; while, on the other hand, those stars 
which were shining in the morning sky, before the rising of 
the sun, recede further and fiirtherfrom it. In the ever- 
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changing aspect of the starry heavens, successive constellations 
are always coming to view. A slight degree of attention suf- 
fices to show that these are the same which had before vanished 
in the west ; and that the staiÄ which are opposite to the sun, 
setting at its rise, and rising at its setting, had about half-a- 
year earlier been seen in its vicinity. From the time of 
Hesiod to Eudoxus, and from the latter to Aratus and Hip- 
parchus, Hellenic litej^ture abounds in metaphoric allusions to 
the disappearance of the stars amid the sun's rays, and their ap- 
pearance in the morning twilight, — ^their heliacal setting and 
rising. An attentive observation of these phenomena yielded 
the earliest elements of chronology, which were simply ex- 
pressed in numbers, while mythology, in accordance with the 
more cheerful or gloomy tone of national character, continued 
simultaneously to rule the heavens with arbitrary despotism. 

The primitive Greek sphere, (I here again, as in the history 
of the physical contemplation of the universe,** follow the in- 
vestigations of my intellectual friend Letronne,) had become 
gradually filled with constellations, without being in any de- 
gree considered with relation to the ecliptic. Thus Homer and 
Hesiod designate by name individual stars and groups ; the 
former mentions the constellation of the Bear (" otherwise 
known as the Celestial Wain, and which alone never sinks into 
the bath of Oceanos,'*) Bootes, and the D(^ of Orion ; the latter 
speaks of Sirius and Arcturus, and both refer to the Pleiades, 
the Hyades, and Orion.^ Homer's twice repeated assertion 
that the constellation of the Bear alone never sinks into the 
ocean, merely allows us to infer that in his age, the Greek 
sphere did not yet comprise the constellations of Draco, Cepheus 
and Ursa Minor, which likewise do not set. The statement 
does not prove a want of acquaintance with the existence of 

** Cosmos, p. 533. 

^ Ideler, Unters, über die Stemnamen, s. xi. 47, 139, 144, 
243 ; Letronne, Sur VOrigine du Zodiaque Grec, 1840, p. 25. 
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(and almost inTariably the same) groups, among which certain 
bright stars catch the observer's eye, either by their proxi- 
mity to each other, their juxtaposition, or, in some cases, by 
a kind of isolation. This fact has been confirmed by recent 
and careful examinations of seyeral of the languages of so- 
called savage tribes. Such groups excite a vague sense of 
the mutual relation of. parts, and have thus led to their 
receiving names, which, although varying among different 
races, were generally derived from organic terrestrial objects. 
Amid the forms with which fancy animated the waste and 
silent vault of heaven, the earliest groups thus distinguished 
were the seven-starred Pleiades, the seven stars of the Great 
Bear, subsequently (on accoimt of the repetition of the same 
form) the constellation of the Lesser Bear, the belt of Orion 
(Jacob's staff), Cassiopeia, the Swan, the Scorpion, the 
Southern Cross (owing to the strikmg difference in its direc- 
tion before and after its culmination), the Southern Crown, 
the Feet of the Centaur (the Twins, as it were, of the 
Southern hemisphere), &c. 

Wherever steppes, grassy plains or sandy wastes present a 
far-extended horizon, those constellations whose rising or 
setting corresponds with the busy seasons and requirements of 
pastoral and agricultural life, have become the subject of atten- 
tive consideration, and have gradually led to a symbolising 
connection oi ideas. Men thus became familiarised with the 
aspect of Üie heavens before the development of measuring 
astronomy. They soon perceived that besides the daily move- 
ment from east to west, which is common to all celestial bodies, 
the som has a £eu: slower proper motion in an opposite direc- 
tion. The stars which shine in the evening sky sink lower 
every day, until at length they are wholly lost amid the 
rays of the setting sim ; while, on the other hand, those stars 
which were shining in the morning sky, before the rising of 
the sun, recede further and further from it. In the ever- 
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changing aspect of the starry heavens, successive constellations 
are always coming to view. A slight degree of attention suf- 
fices to show that these are the same which had before vanished 
in the west ; and that the stam which are opposite to the sun, 
setting at its rise, and rising at its setting, had about half-a- 
year earlier been seen in its vicinity. From the time of 
Hesiod to Eudoxus, and from the latter to Aratus and Hip- 
parchus, Hellenic lite^ture abounds in metaphoric allusions to 
the disappearance of the stars amid the sun's rays, and their ap- 
pearance in the morning twilight, — ^their heliacal setting and 
rising. An attentive observation of these phenomena yielded 
the earliest elements of chronology, which were simply ex- 
pressed in numbers, while mythology, in accordance with the 
more cheerful or gloomy tone of national character, continued 
simultaneously to rule the heavens with arbitrary despotism. 

The primitive Greek sphere, (I here again, as in the history 
of the physical contemplation of the universe,** follow the in- 
vestigations of my intellectual friend Letronne,) had become 
gradually filled with constellations, without being in any de- 
gree considered with relation to the ecliptic. Thus Homer and 
Hesiod designate by name individual stars and groups ; the 
former mentions the constellation of the Bear (" otherwise 
known as the Celestial Wain, and which alone never sinks into 
the bath of Oceanos,") Bootes, and the D(^ of Orion ; the latter 
speaks of Sirius and Arcturus, and both refer to the Pleiades, 
the Hyades, and Orion.^ Homer's twice repeated assertion 
that the constellation of the Bear alone never sinks into the 
ocean, merely allows us to infer that in his age, the Greek 
sphere did not yet comprise the constellations of Draco, Cepheus 
and Ursa Minor, which likewise do not set. The statement 
does not prove a want of acquaintance with the existence of 

** Cosmos, p. 533. 

^ Ideler, Unters, über die Stemnamen, s. xi. 47, 139, 144, 
243 ; Letronne, Sur VOrigine du Zodiaque GreCy 1840, p. 25. 
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the separate stars forming these three catasterisms, but simply 
an ignorance of their arrangement into constellations. A 
long and frequently misimderstood passage of Strabo (lib. i. 
p. 3, Casaub.) on Homer, B. 3^vüi. 485-489, specially proves 
a fact — important to the question, — ^that in the Greek sphere 
the stars were only gradually arranged in constellations. Homer 
has been unjustly accused of ignorance, says Strabo, as if he had 
known of only one instead of two Bears. It is probable that 
the lesser one had not yet been arranged in a separate group ; 
and that the name did not reach the Hellenes, imtil after the 
Phoenicians had specially designated this constellation and made 
use of it for the purposes of navigation. All the scholia on 
Homer. Hyginus and Diogenes Laertius, ascribe its introduc- 
tion to Thales. In the Pseudo-Eratosthenian work to which 
we have already referred, the lesser Bear is called ^oiviicrj (or 
as it were the Phoenician guiding star). A century later 
(01. 71,) Cleostratus of Tenedos, enriched the sphere with the 
constellations of Sagittarius, Togdnys, and Aries, Kpior. 

The introduction of the Zodiac into the ancient Greek 
sphere coincides according to Letronne with this period of the 
domination of- the Pisistratidse. Eudemus of Rhodes, one of 
the most distinguished pupils of Aristotle, and author of a 
"History of Astronomy,'* ascribes the introduction of this 
Zodiacal belt 7 toO fwdtaicoG BlaCaxris, also fwtöior kvkKos) to 
(Enopides of Chios, a contemporaiy of Anaxagoras.^ The 
idea of the relation of the planets and fixed stars to the suns 



^ Letronne, op. cit., p. 25 ; and Carteron, Analyse des Re- 
cherches de M. Letronne sur les representations zodiacales, 1843, 
p. 119. " It is very doubtful whether Eudoxus (01. 103) ever 
made use of the word fcoSioiccy. We first meet with it in 
Euclid, and in the Commentary of Hipparchus on Aratus 
(01. 160). The name ecliptic, €i^€i7mK6s, is also very recent." 
Compare Martin in the Commentary to Theonis Smyrnm 
Platomci Liber de Astronomia, 1849, pp. 50, 60. 
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course, the division of the ecliptic into twelve equal parts 
(Dodecatomeria) originated with the ancient Chaldeans, and 
very probably came to the Greeks, at the beginning of the 
fifth, or even in the sixth century before our era, direct from. 
Chaldea, and not from the Valley of the Nile." The Greeks 
merely separated from the constellations, named in their 
primitive sphere, those which were nearest to the ecliptic, 
and could be used as signs of the zodiac. If the Greeks 
had borrowed from another nation anything more than the idea 
and number of the divisions (Dodecatomeria) of a zodiac, — ^if 
they had borrowed the zodiac itself with its signs, — they 
would not at first have contented themselves with only 
eleven constellations. The Scorpion would not have been 
divided into two groups ; nor would zodiacal constellations 
liave been introduced, (some of which, like Taurus, Leo, Pisces, 
and Virgo, extend over a space of 35° to 48°, while 
others, as Cancer, Aries, and Capricomus, occupy only fix)m 

^ Letronne, Ori^. du Zod., p. 25 ; and Analyse crit des 
Heprh. zod., 1846, p. 15. Ideler and Lepsius also consider it 
probable "that the knowledge of the Chaldean zodiac, as 
well in reference to its divisions as to the names of the latter, 
had reached the Greeks in the 7tli century before our era, 
although the adoption of the separate signs of the zodiac in 
Greek astronomical literature was gradual and of a subse- 
quent date." (Lepsius, Chronologie der JEgypter, 1849, s. 65 
and 124.) Ideler is inclined to believe that the Orientals had 
names but not constellations for the Dodecatomeria, and 
Lepsius regards it as a natural assumption " that the Greeks 
at the period when their sphere was for the most part unfilled 
shoidd have added to their own the Chaldean constellations, 
from which the twelve divisions were named.'* But are we 
not led on this supposition to inquire why the Greeks had at 
first only eleven signs instead of introducing all the twelve 
belonging to the Chaldean dodecatomeria ? If they intro- 
duced the twelve signs they are hardly likely to have remove^ 
one in order to replace it at a subsequent period. 

VOL. III. M 
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19° to 23°), which are inconveniently grouped to the north 
and south of the ecliptic, either at great distances from 
each other, or, like Taurus and Aries, Aquarius and Capri- 
comus, so closely crowded together as almost to encroach on 
each other. These circumstances prove that catasterisms 
previously formed were converted into signs of the zodiac. 

The sign of Libra, according to Letronne's conjecture, 
was introduced at the time of, and perhaps by Hip- 
parchus. It is never mentioned by Eudoxus, Archimedes, 
Autolycus, or even by Hipparchus in the few fragments of 
his writings which have been transmitted to us (excepting 
indeed in one passage, probably falsified by a copyist.)^ 
The earliest notice of this new constellation occurs in 

^ On the passage referred to in the text, and interpolated 
by a copyist of Hipparchus, see Letronne, Orig. du Zod., 1840, 
p. 20. As early as 1812, when I was much disposed to 
believe that the Greeks had been long acquainted with the 
sign of Libra, I directed attention in an elaborate memoir 
(on all the passages in Greek and Roman writers of an- 
tiquity, in which the Balance occurs as a sign of the 
zodiac) to that passage in Hipparchus {Comment, in Aratum, 
lib. iii. cap. 2) which refers to the Orjpiöp held by the Centaur 
(in his fore-foot) as well as to the remarkable passage of 
Ptolemy, lib. ix. cap. 7 (Halma, t. ii. p. 170). In the latter 
the Southern Balance is named with the affix Kara Xakdalovs^ 
and is opposed to the pincers of the Scorpion in an observation, 
which was imdoubtecQy not made at Babylon, but by some of 
the astrological Chaldeans, dispersed throughout Syria and 
Alexandria. ( Vues des Cordilleres etMonumens despeuples indi- 
gknes de rAnUrtque, t. ii. p. 380.) Buttman maintained, what 
is very improbable, that the xn^^^ originally signified the two 
scales of the Balance, and were subsequently by some miscon- 
ception converted into the pincers of a Scorpion. (Compare 
Ideler, Untersuchungen über die astronomischen Beobachtungen 
der Alten, y s. 374, and Ueber die Stemnamen^ s. 174-177, with 
Carteron, Recherches de M, Letronne^ p. 113.) It is a remark- 
able circumstance connected with the analogy between 
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GemiDus and Varro, scarcely half a century before our 
era; and as the Komans, from the time of Augustus 
to Antoninus, became more strongly imbued with a pre- 
dilection for astrological inquiry, those constellations which 
"lay in the celestial path of the sun" acquired an ex- 
aggerated and fanciful importance. The Egyptian zodi- 
acal constellations found at Dendera, Esneh, the Propylon of 
Panopolis, and on some mummy-cases, belong to the first 
half of this period of the Roman dominion, as was maintained 
by Visconti and Testa, at a time when the necessary materials 
for the decision of the question had not been collected, and the 
wildest hypothesis still prevailed regarding the signification 
of these S3nQibolical zodiacal signs, and their dependence on 
the precession of the equinoxes. The great antiquity which , 
from passages in Manu's Book of Laws, Valmiki's Hamayana 
and Amarasinha's Dictionary, Augustus William von Schlegel 
attributed to the zodiacal circles found in India, has been 
rendered very doubtfiil by Adolph Holtzmann's ingenious 
investigations.** 

many of the names of the twenty-seven " houses of the moon,*' 
and the Dodecatomeria of the zodiac, that we also meet with 
the sign of the Balance among the Indian Nakschatras (Moon- 
houses) , which are undoubtedly of very great antiquity. ( Vues 
des CordilUres, t, ii. pp. 6-12.) 

^ Compare A. W. von Schlegel Ueher Sternbilder des 
Thierkreises im alten Indien, in the Zeitschrift für die Kunde 
des Morgenlandes^ bd. i. Heft 3. 1837, and bis Commentatio de 
Zodiaci antiquitate et origine^ 1839, with Adolph Holtzman, 
üeher den griechischen Ursprung des indischen Thierkreises^ 1841^ 
8. 9, 16^ 23. " The passages quoted from Amorakoscha, and 
Hamayana," says the latter writer, " admit of undoubted inter- 
pretation, and speak of the zodiac in the clearest terms; but 
if these works were composed before the knowledge of the Greek 
signs of the zodiac could have reached India, these passages 
ought to be carefully examined for the purpose of ascertaining 
whether they may not be comparatively modem interpolations.'^ 

M 2 
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The artificial grouping of the stars into constellations which 
arose incidentally during the lapse of ages — ^the frequently in- 
convenient extent and indefinite outline — ^the complicated 
designations of individual stars in the difierent constellations — 
the various alphabets which have been required to distinguish 
them, as in Argo — ^together with the tasteless blending of mythi- 
cal personages with the sober prose of philosophical instruments, 
chemical furnaces, and pendulum clocks, in the southern 
hemisphere — ^have led to many propositions for mapping the 
heavens in new divisions, without the aid of imaginary 
figures. This undertaking appears least hazardous in respect 
to the southern hemisphere, where Scorpio, Sagittarius, Cen- 
taurus, Argo, and Eridanus alone possess any poetic interest.^^ 

The heavens of the fixed stars {prhis inerrans of Apuleius) 
4md the inappropriate expression of fixed stars, {astra fixa of 
Manilius) remind us, as we have already observed in the in- 
troduction to the Astrognosy,** of the connexion, or rather 
confusion of the ideas of insertion, and of absolute immo- 
bility or fixity. When Aristotle calls the non-wandering 
celestial bodies {om\avr\ aarpa) rivetted (eVöeöe/xeVa), when Pto- 
lemy designates them as engrafted (irpo(rjr€<f)vK6T€s), these 
terms refer specially to the idea entertained by Anaximenes 

^^ Compare Buttman, in Berlin astron, Jahrbuch für 1822, 
8. ^3, Olbers on the more recent constellations in Schumacher's 
Jahrbuch für 1840, s. 283-251, and Sir John Herschel, 
Revision and Rearrangement of the Constellations, with special 
reference to those of the SoutJiem Hemisphere, in the Memoirs 
of the Astr, Soc, vol. xii. pp. 201-224, (with a very exact 
distribution of the southern stars from the 1st to the 4th 
magnitude). On the occasion of Lalande's fonnal discussion 
witii Bode on the introduction of his domestic cat and of a 
reaper {Messier/) Olbers complains that in order " to find space 
in the firmament for King Frederick's glory, Andromeda 
must lay her right arm in a different place firom that which it 
had occupied for 3000 years !'* 

** Vide supra, pp. 30-31, and note. 
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of the crystalline sphere of heaven. The apparent motion 
of all the fixed stars from east to west, while their relative dis- 
tances remained unchanged, had given rise to this hypothesis. 
" The fixed stars {aTrkavrj aarpa) belong to the higher and more 
distant regions, in which they are rivetted, like nails, to the 
crystalline heavens; the planets (acrrpa irXavmficva or «rXaw^ra), 
which move in an opposite direction, belong to a lower and 
nearer region." ^ As we find in Manilius, in the earliest ages 
of the Caesars, that the term Stella fixa was substituted for 
inßxa, or affixa, it may be assumed that the schools of Kome 
attached thereto at first only the original signification of 
rivetted, but as the word^arw« also embraced the idea of immo- 
bility, and might evenbe regarded as sjmonymous with immottis 
and immohilis, we may readily conceive that the national opinion, 
or ratherusage of speech, should gradually have associated with 
Stella fixa the idea of immobility, without reference to the fixed 
sphere to which it was attached. In this sense Seneca might 
teim the world of the fixed stars fixum et immohilem populum. 
Although, according to Stobaeus, and the collector 
of the "Views of the Philosophers," the designation 
*' crystal vault of heaven" dates as far back as the early 
period of Anaximenes, the first clearly defined signifi- 
cation of the idea on which the term is based, occurs 
in Empedocles. This philosopher regarded the heaven of 
the fixed stars as a solid mass, formed from the ether which 

had been rendered crystalline and rigid by the action of fire.*** 

» 

^ According to Democritus and his disciple Metrodorus, 
Stob. Eclog. phys,, p. 582. 

^ Plut. de plac. phiL ii. 11 ; Diog. Laert., viii. 77; Achil- 
es Tat. ad Arat. cap. 5, E/xw, KpvoraXXcai/ rovrov (jhv ovpavhv) 
tlval <l)rj(Tiv, €K Tov Trayerabovs (rvXXeyeirra ; in like manner we 
only meet with the expression crystal-like in Diog. Laert., viii. 
77, and Galenus, Hist. phiL, 12, (Sturz, Empedocles Agrigent^ 
t. i. p. 321). Lactantius de opificio Dei, c. 17. "An, si 
mihi quispiam dixerit mieum esse coelum, aut vitreum, aut. 
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According to his theory the moon is a body conglomerated 
(like hail) by the action of fire, and receives its light 

ut Empedocles ait, aerem fflaciatum^ statimne assentiat quia 
caßlum ex qua materia sit, ignorem." " If any one were 
to tell me that the heavens are made of brass, or of glass, 
or, as Empedocles asserts, of frozen air, I should incon- 
tinently assent thereto, for I am ignorant of what substance 
the heavens are composed." We have no early Hellenic 
testimony of the use of this expression of a glass-like or 
vitreous ' heaven {pedum vitreum), for only one celestial body, 
the Sim, is called by Philolaus, a glass-like body, which throws 
upon us the rays it has received from the central fire. 
{The view of Empedocles, referred to in the text, of the reflec- 
tion of the sun's light from the body of the moon, (supposed 
to be consolidated in the same manner as hail-stones,) is fre- 
quently noticed by Plutarch, apud Euseb, Prop. Evangel. 1, 
pag. 24. D, and de facie in orhe Luna, cap. 5). Where Uranos 
18 described as x<»^««oy and (ribrjptos by Homer and Pindar, the 
expression refers only to the idea of steadfast, permanent, and 
imperishable, as in speaking of brazen hearts and brazen 
voices. VÖlcker über Homerische Geographie, 1830, s. 5. 
The earliest mention before Pliny, of the word «pucrroXXor 
when applied to ice-like, transparent rock-crystal occurs in 
Dionysius Periegetes, 781, Aelian, xv. 8, and Strabo, xv. 
p. 717, Casaub. The opinion, that the idea of the crystalline 
heavens being a glacial vault {aer gladatus of Lactantius) 
arose amongst the ancients, from their knowledge of the 
decrease of temperature, with the increase of height in the 
strata of the atmosphere, as ascertained from ascending great 
heights and from the aspect of snow-covered moimtains, is 
reftited by the circumstance that they regarded the Aery ether 
as lying beyond the confines of the actual atmosphere, and 
the stars as warm bodies. (Aristot., Meteor, 1, 3, de Codo, 11, 
7, p. 289). In speaking of the music of the spheres (Aristot. 
de Coelo, 11, p. 290), which according to the views of the 
Pythagoreans is not perceived by men, because it is con- 
tinuous, whereas tones can only be heard when they 
are interrupted by silence, Aristotle singularly enough main- 
tains that the movement of the spheres generates heat in 
the air below them, while they are themselves not heated. 
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from the sun. The original idea of transparency, congela- 
tion, and solidity, would not, according to the physics of the 

Their vibrations produce heat, but no sound. " The motion 
of the sphere of the fixed stars is the most rapid, (Aristot. de 
Ccelo, ii. 10, p. 291) ; as this sphere and the bodies attached 
to it are impelled in a circle, the subjacent space is heated 
by this movement, and hence heat is diffused to the surface 
of the earth." {MeteoroL 1,3, p. 340.) It has always struck 
me as a circumstance worthy of remark, that the Stagirite 
should constantly avoid the word crystal heaven ; for the ex- 
pression, '•^rivetted stars'^ (JvbtbtyAva aarpa), which he uses, 
indicates a general idea of solid spheres, without, however, 
specifying the nature of the substance. We do not meet 
with any allusion to the subject in Cicero, but we find in his 
Commentator Macrobius, {Cic: Somnium Sctpionts, 1, c. 20, 
p. 99, ed. Bip.) traces of freer ideas on the diminution of 
temperature, with the increase of height. According to him, 
eternal cold prevails in the outermost zones of heaven. " Ita 
enim non solum terram sed ipsum quoque coelum, quod vere 
mundus vocatur, temperari a sole certissimum est, ut extre- 
mitates ejus, quse via solis longissime recesserunt, omni ca- 
reant beneficio caloris,et una frigoris perpetuitate torpescant." 
*' For as it is most certain that, not only the earth, but the 
heavens themselves, which are truly called the imiverse, are 
rendered more temperate by the sun, so also their con- 
fines, which are most distant from the sun, are deprived 
•of the benefits of heat, and languish in a state of perpetual 
cold." These confines of he2LYeii.{extremitate8 ccelt)^ in which 
the Bishop of Hippo (Augustinus, ed. Antv. 1700, 1, p. 102, 
fmd iii. p. 99) placed a region of icy-cold water near Saturn 
the highest, and therefore the coldest, of all the planets, are 
within the actual atmosphere, for beyond the outer limits of 
this space lies, according to a somewhat earlier expression of 
Macrobius, (1, c. 19, p. 93,) the fiery ether which enigmatically 
enough, does iiot prevent this eternal cold : " Stellse supra 
CGBlum locatee, in ipso purissimo eethere sunt, in quo omne 
quidquid est, lux naturalis et sua est, quae tota cum igne suo 
ita spheerse solis incumbit, ut coeli zonae, quae procul a sole 
sunt, perpetuo frigore oppress» sint." "The stars above 
the heavens are situated in the pure ether, in which all 
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ancients,*' and their ideas of the solidification of fluids, have 
referred directly to cold and ice ; but the afl&nity between 
KpvardSXos, Kpvos, and KpvaraLva}, as well as this comparison 
with the most transparent of all bodies gave rise to the 
more definite assertion that the vaidt of heaven consisted of 
ice or of glass. Thus we read in Lactantius : " Ccelum aerem 
glaciatum esse," and " vitreum ccelum." Empedocles im- 
doubtedly did not refer to the glass of the Phoenicians, but 
to air, which was supposed to be condensed into a transparent 
solid body by the action of the fiery ether. In this comparison 
with ice, {KpvaroKKos) the idea of transparency predominated ; 
no reference being here made to the origin of ice through cold^ 
but simply to its conditions of transparent condensation. 
While poets used the term crystal, prose writers (as found in 
the note on the passage cited from Achilles Tatius, the com- 
mentator of Aratus) limited themselves to the expression 
crystalline or crystal-like, KpvaToXXoeibrjs. In like manner 
vayos (from 7rTjyw<r6ai, to become solid), signifies a piece of ice 
— ^its condensation being the sole point referred to. 

The idea of a crystalline vault of heaven was handed down 
to the middle ages by the Fathers of the Church, who believed 
the firmament to consist of from 7 to 10 glassy strata, incasing 
one another like the different coatings of an onion. This sup- 
position still keeps its ground in some of the monasteries of 

things, whatever they may be, have a natm*al and proper light 
of their own," (the region of self-luminous stars) " which so 
impends over the sphere of the sun with all its fire, that those 
zones of heaven which are far from the sun are oppressed by 
perpetual cold." My reason for entering so circumstantially 
into the physical and meteorological ideas of the Greeks and 
Romans, is simply because these subjects, except in the works 
of Ukert, Henri Martin, and the admirable fragment of the 
Meteorologia Veterum of Julius Ideler, have hitherto been very 
imperfectly, and for the most part superficially, considered. 
^ The ideas that fire has the power of maldng rigid, (Aristo t. 
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Southern Europe, where I was greatly surprised to hear a vene- 
rable prelate express an opinion in reference to the fall of aero- 
lites at Aigle, which at that time formeda subject of considerable 
interest, that the bodies we called meteoric stones with vitri- 
fied crusts were not portions of the fallen stone itself, but 
simply fragments of the crystal vault shattered by it in its 
fall. Kepler, from his considerations of comets which 
intersect the orbits of all the planets,** boasted, nearly two 
hundred and fifty years ago, that he had destroyed the 77 
concentric spheres of the celebrated Girolamo Fracastoro, as 
well as all the more ancient retrograde epicycles. The ideas 
entertained by such great thinkers as Eudoxus, Mensechmus, 
Aristotle, and Apollonius Pergaeus, respecting the possible me- 
chanism and motion of these solid, mutually intersecting spheres 
by which the planets were moved ; and the question whether they 
regarded these systems of rings as mere ideal modes of repre- 
sentation, or intellectual fancies, by means of which difficult 
problems of the planetary orbits might be solved or determined 
approximately ; are subjects of which I have already treated 

Prohl.^ xiv. 11,) and that the formation of ice itself may be 
promoted by heat, are deeply-rooted in the physics of the 
ancients, and based on a fanciful theory of contraries {An-- 
tiperistasis) — on obscure conceptions of polarity (of exciting 
opposite qualities or conditions). {^Cosmos, p. 14, and note.) 
The quantity of hail produced was considered to be propor- 
tional to the degree of heat of the atmospheric strata. ( Aristot* 
Meteor., i. 12.) In the winter fishery on the shores of the 
Euxine, warm water was used to increase the ice formed in the 
neighbourhood of an upright tube. (Alex. Aphrodis., fol. 86, 
and Plut. de primo frigido^ c. 12.) 

" Kepler expressly says in his Stella Martts, fol. 9 : " So- 
lidos orbes rejeci." " I have rejected the idea of solid orbs;" 
and in the Stella Nova, 1606, cap. 2, p. 8: " PlanetoD in puro 
aethere, perinde atque aves in acre cursus suos conficiunt." 
"The planets perform their course in the pure ether as 
birds pass through the air." Compare, also, p. 122. He in- 
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in another place,^ and which are not devoid of interest in our 
endeavours to distinguish the different periods of development 
which have characterised the history of astronomy. 

Before we pass from the very ancient, but artificial zodiacal 
grouping of the fixed stars, as regards their supposed inser- 
tion into solid spheres, to their natural and actual arrangement, 
and to the known laws of their relative distribution, it will be 
necessary more fully to consider some of the sensuous pheno- 
mena of the individual cosmical bodies — ^their extending 
rays, their apparent, spurious disc, and their differences of 
colour. In the note referring to the invisibility of Jupiter's 
satellites " I have already spoken of the influence of the 
so-called tails of the stars, which vary in number, position, 
and length in different individuals. Indistinctness of vision 
(la vue indistincte) arises from numerous organic causes, 
depending on aberration of the sphericity of the eye, diffraction 
at the margins of the pupil, or at the eye-lashes, and on the 
more or less widely diffused irritability of the retina from the 
excited point.'* I see very regularly eight rays at angles of 45** 

clined, however, at an earlier period, to the idea of a solid icy 
vault of heaven congealed from the absence of solar heat: 
*' Orbis ex aqua factus gelu concreta propter solis absentiam.' ' 
(Kepler, Epit. Astr. Copem., i. 2, p. 51.) Two thousand years 
before Kepler, Empedocles maintained that the fixed stars 
were rivetted to the crystal heavens, but that the planets were 
free and unrestrained" {rovs be nXainiTas aveia-Oai), (Plut. plac. 
phü., ii. 13 ; Emped. 1, p. 335 Sturz; Euseb. Fmep. evang., xv. 
30, col. 1688, p. 839.) It is difficult to conceive how, ac- 
cording to Plato in the Timseus (2Vm., p. 40, B., see Bohn's 
edition of Plato, vol. ii. p. 344, but not according to Aris- 
totle,) the fixed stars, rivetted as they are to solid spheres, 
could rotate independently. " Cosmos^ vol. ii. pp. 696-7. 

" Vide supra, p. 64, and note. 

" " Les principales causes de la vue indistincte sont : aber- 
ration de sph6ricit6 de Toeil, dilfraction sur les bords de la pu- 
pille, communication d'irritabilite a des points voisins sur la 
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in stars from the 1st to the 3rd magnitude. As, according to 
Hassenfratz, these radiations are caustics intersecting one 

ratine. La vue confuse est celle oü le foyer ne tombe pas ex- 
actement sur la ratine, mais tombe au-devant ou derri^re la 
ratine. Les queues des 6toiles sont Teffet de la vision indis- 
tincte, autant qu'elle depend de la constitution du cristallin. 
D'apres un trds ancien memoire de Hassen&atz (1809) ' les 
queues au nombre de 4 ou 8 qu*offi:ent les 4toiles ou une bougie 
Tue SL 25 metres de distance, sont les caustiques du cristallin 
formlos parTintersection des rayons r^fractes.' Ces caustiques 
se meuvent k mesure que nous inclinons la tete. — La propri6t^ 
de la lunette de terminer I'image fait qu'elle concentre dans 
un petit espace la lumi^re qui sans cela en aurait occupe un 
plus grand. Cela est vrai pour les 6toiles fixes et pour les 
disquels des planstes. La lumi^re des 6toiles qui n*ont pas 
de disque r^els, conserve la mime intensity, quel que soit le 
p^rossissement. Le fond de Tair duquel se ditache Tltoile 
dans la lunette, devient plus noir par le grossissement qui di- 
late les molecules de Tair qu'embrasse le champ de la lunette. 
Les planstes ä vrais disques deviennent elles-memes plus 
p&les par cet effet de dilatation. — Quand la peinture focale est 
nette, quand les rayons partis d'un point de I'objet se sont 
concentres en un seul point dans Timage, Toculaire donne des 
resultats satisfaisants. Si au contraire les rayons 6man6s d'un 
point ne se rlunissent pas au foyer en im seul point, s'ils y 
ferment un petit cercle, les images de deux points contigus de 
Tobjet empiltent nicessairement Tune sur Fautre ; leurs rayons 
se confondent. Cette confusion la lentille oculaire ne saurait 
la faire disparaitre. L*office qu'elle remplit exclusivement, 
c'est de grossir ; eile grossit tout ce qui est dans Timage, les 
defauts comme le reste. Les etoiles n'ayant pas de diamltres 
angulaires sensibles, ceux qu^elles conserventtoujours, tiennent 
pour la plus grande partie au manque de perfection des instru- 
mens (ä la courbure moins reguliere donnle aux deux faces de 
la lentille objective) et ä quelques defauts et aberrations de 
notre oeil. Plus une 6toile semble petite, tout etant Igal quant 
au diam^tre de I'objectif, au grossissement employe et ä I'lclat 
de ritoile observie, et plus la lunette a de perfection. Or le 
meilleur moyen de juger si les etoiles sont tris petites, si des 
points sont reprlsentls au foyer par des simples points, c'est 
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another on the crj-stalline lens, they necessarily move 
according to the direction in which the head is in- 

^videmment de viser ä des etoiles excessivement rapprochees 
entr'elles et de voir si dans les etoiles doubles connues les 
images sc confondent, si elles empietent Tune sur l'autre, ou 
bien si on les aper9oit bien nettement separees." 

" The principal causes of indistinct vision are : aberration of 
the sphericity of the eye, diffraction at the margins of the 
pupil,and irritation transmitted to contiguous points of the retina. 
Indistinct vision exists where the focus does not fall exactly on 
the retina, but either somewhat before or behind it. The tails 
of the stars are the residt of indistinctness of vision, as far as it 
depends on the constitution of the crystalline lens. According 
to a very old paper of Hassenfratz (1809) ' the 4 or 8 tails 
which surround the stars or a candle seen at a distance 
of 25 metres [82 feet], are the caustics formed on the crystal- 
line lens by the intersection of refracted rays.' — ^These caustics 
follow the movements of the head. — ^The property of the tele- 
scope in giving a definite outline to images, causes it to con- 
centrate in a small space, the light which would otherwise be 
more widely diffused. This obtains for the fixed stars and for 
the discs of planets. The light of stars having no actual 
discs, maintains the same intensity, whatever may be the mag- 
nifying power of the instrument. The aerial field from which 
the star is projected in the telescope is rendered more black 
by the magnifying property of the instrument, by which the 
molecules of air included in the field of view are expanded. 
Planets having actual discs become fainter from this effect of 
expansion. When the focal image is cleeirly defined, and 
when the raj'S emanating from one point of the object are con- 
centrated into one point in the image, the ocidar focus affords 
satisfactory results. But if, on the contrary, the rays ema- 
nating from one point do not reunite in the focus into one 
point, but. form a small circle, the images of two contiguous 
points of the object will necessarily impinge upon each other ; 
and their rays will be confused. This confusion cannot bo 
removed by the ocidar ; since the only part it performs is that 
of magnifying. It magnifies everything comprised in the 
image, including its defects. As the stars have no sensible 
angular diameters, those which they present are principally 
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clined.*° Some of my astronomical friends see three, or at 
most four rays above, and none below the star. It has always 
appeared extraordinary to me, that the ancient Eg3rptians 
should invariably have given only five rays to the stars (at 
distances, therefore, of 72°) ; so that a star in hieroglyphics 
signifies, according to Horapollo, the number five." 

The rays of the stars disappear when the image of the radiat- 
ing star is seen through a very small aperture made with a 
needle in a card, and I have myself frequently observed both 
Canopus and Sirius in this manner. The same thing occurs in 
telescopic vision through powerful instruments, when the stars 
appear either as intensely luminous points, or as exceed- 
ingly small discs. Although the fainter scintillation of the 
fixed stars in the tropics conveys a certain impression of 
repose, a total absence of stellar radiation would, in my 
opinion, impart a desolate aspect to the firmament, as seen by 
the naked eye. Illusion of the senses, optical illusion, and 
indistinct vision, probably tend to augment the splendour of 
the luminous canopy of heaven. Arago long since proposed 

owing to the imperfect construction of the instrument (to the 
different curvatures of the two sides of the object-glass), and 
to certain defects and aberrations pertaining to the eye itself. 
The smaller the star appears, the more perfect is the instru- 
ment, providing all relations are equal as to the diameter of 
the object-glass, the magnifying power employed, and the 
brightness of the star. Now the best means of judging 
whether the stars are very small, and whether the points are 
represented in the focus by simple points, is undoubtedly that 
of directing the instrument to stars situated very near each 
other, and of observing whether the images of known double 
stars are confused, and impinging on each other, or whether 
thev can be seen separate and distinct." (Arago, M.S, of 
1834 a»(/ 1847.) 

^ Hassenfratz, Sur les rayons divergens des Etoiles in 
Delametherie, Journal de Physique, torn. Ixix. 1809, p. 324. 

*^ HorapolUnis Niloi Hieroglyphica, ed. Con. Leemans, 
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the question, why fiseJ stars of the first magnitude, notwith- 
Blaniliug Ilieir great intensity of light, cannot be seen when 
rising above the horiion in the same manner as under siniilai 
circumstances we see the outer margin of the moon's disc." 

Even the moat perfect optical instruments, and those hav- 
ing the highest magnifybg powers, give to the fiied stars 
spurioiu discs Jdiaraetres fiicticea) ; " the greater aperturc," 
according to Sir John Herschcl, "even with the same mag- 
Di^'iiig power giving the smaller disc.'" Occultations of the 
stars by the moon's disc show that the period occupied in 
the immersion and emersion is so transient that it cannot be 
cstimat«! at a iraction of a second of time. The frequent oc- 
currence of the so-called adhesion of the immersed star to the 
moon's disc, is a phenomenon depending on inflection of light 
in no way connected with the question of the spurious dia- 
meter of the star. We have already seen that Sir WQliain 
Hcrschel, with a magnifying power of 6500, found the diame- 
ter of Vega 0'-36. The image of Arcturus was so dimin- 
ished in a dense mist, that the disc was below 0'-2. Itia 
ivorthv of notice that, in consequence of the iltusion occasioned 
br stellar radiatioo, Kepler and lycho, before the investicui 

1835, cap. 13, p. 20. The learned editor notices, how- 
ever, in refutation of Jomard's assertion {Deier. de lEgiffU, 
torn. vii. p. 423), that a star, as the numerical hieni^^ 
for S. has not yet been discovered on any moBamat or 
iiapiTus-rolI. (Horap., p. 194.) 

•* I found an opinion prevalent among the sailors ft 
Spanish ships of the Pacific, that the age of the moon n 
\x determined before the first quarter, by looking i 
through a piece of silk and counting the mulppli^ 0» 
lien; we have a phenomenon of difraetwn ob»er*ed 

fine slits. ' , , . , 

" Oallinei, § 816. Arago has cauted tM «pwiOM d 

meter of Aideiiarsn to increaw from <* to iea^'v ^ 

ncnt by diminishing the object-gl««- 
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of the telescope, respectively ascribed to Siriiu** a diamctor 
of 4' and of 2' 20". 

The altematiiig light and dork rinfn which iiurround tho 
small spurious discs of the stua when iun)^it)i<d two or 
three hundred times, and which appear iridoivriil when 
seen through diaphragms of different form, are likowinii the 
result of interference and diffraction, as wo Icani IVum tlu> 
observations of Arago and Airy. The smallest objects which 
can be distinctly seen in the tclescopo as luminous points, 
may be employed as a test of the perfection in construe- 
tion and illuminating power of optical instruments, whether 
refractors or reflectors. Amongst thcso wc may reckon mul- 
tiple stars, auch as ■ Lyne, and the Sth and 6th star diiconmd 
. by Strove, in 1826, and by Sir John Hcrschcl in 1893, in the 
trapezium of the great nebula of Orion," forming th» qn». 
druple star El of that constellation. 
A di&rence of colour in the proper light of the fixed max. 

** Delombre, Hiil. de VAttr, moderne, tom. i. p, 19£; 
Arago, Annaaire, 1842, p. 866. 

** " Two excessively minute, and very close CompnäoiB, to 
perceive both of which, is one of the seromt tMti which oh^ 
applied to a tdescope." (Outfm««, § 837. CcmipareKh»& 
John Herschel, Obaervotton* at the Cape, p. SO; and A:^ 
in the Anmuüre pour 1834, pp. 303-30i}.) Among t^ i| 
ferent planetary coemicnl bfiiluv \ty which the illmi^i^^ 
power of a slronglj magnifytni; uptiuil iustruraeat mtrl» 
teRt«d. we may meDtioa Ih«' )»t aadttb sattillitesnf Cia 
diücovered by Ltusell and Otto tiUnvn in 1 647, the ti 
t aad the 7th aatellit«! of Balum fMimas, T 
id*s HjpmoD).u>d N''ptiu)t-'ii Mbilliio dincov 
r pmdnting into ecluftial g 
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as well as in the reflected light of the planets, was recognized 
at a very early period; but our knowledge of this remarkable 
phenomenon has been greatly extended by the aid of telescopic 
vision, more especially since attention has been so especially 
directed to the double stars. We do not here allude to the 
change of colour which, as already observed, accompanies 
scintillation even in the whitest stars, and still less to the 
transient and generally red colour exhibited by stellar light 
near the horizon, (a phenomenon owing to the character of 
the atmospheric medium through which we see it,) but to the 
white or coloured stellar light radiated from each cosmical 
body, in consequence of its peculiar luminous process, and the 
diflferent constitution of its surface. The Ghreek astronomers 
were acquainted with red stars only, while modem science has 
discovered, by the aid of the telescope, in the radiant fields of 
the starry heaven, as in the blossoms of the phanero- 
gamia, and in the metallic oxides, almost all the gradations of 
the prismatic spectrum between the extremes of refrangibility of 
the red and the violet ray. Ptolemy enumerates in his catalogue 
of the fixed stars six (wrdictppoi) fiery red stars, viz : ^ Arcturus 
Aldebaran, Pollux, Antares, a Orionis (in the right shoulder), 

*• The expression inroKipposy which Ptolemy employs indis- 
criminately to designate the six stars named in his catalogue, 
implies a slightly marked transition from fiery-yellow U> fiery ^ 
red; it therefore refers, strictly speaking, to a fiery-reddish 
colour. He seems to attach the general predicate ^avOos, 
fiery-yellow, to all the other fixed stai's. {Almag.^ viii. 3 ed. 
Halma, torn. ii. p. 94.) Kippos is, according to Galen, {Meth, 
med, 12,) a pale fiery-red inclining to yellow. Gellius com- 
pares the word with melinus, which, according to Servius, has 
the same meaning as "gilvus" and "fulvus." As Sirius 
is said by Seneca {Nat, QucssL, i. 1) to be redder than Marsy 
and belongs to the stars called in the Almagest inroKippoij 
there can be no doubt that the word implies the predominance, 
or, at all events, a certain proportion of red rays. The asser- 
tion that the affix noiKikos, which Aratus, v. 327, attaches to 
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and Sirius. Cleomedes even compares Antares in Scorpio 
with the fiery red Mars,*' which is called both irvppbs and 
nvpoetbfis. 

Of the six above named stars, five still retain a red or 
reddish light. Pollux is still indicated as a reddish, but 
Castor as a greenish star.** Sinus therefore aflPords the 
only example of an historically proved change of colour, 
for it has at present a perfectly white light. A great 
physical revolution** must therefore have occurred at the 
surface or in the photosphere of this fixed star, (or remote 
sun, as Aristarchus of Samos called the fixed stars) before 
the process could have been disturbed by means of which 
the less refrangible red rays had obtained the preponderance, 
through the abstraction or absorption of other complementary 

Sirius, has been translated by Cicero as " rutilus," is erro- 
neous. Cicero says, indeed, v. 348 : — 

" Namque pedes subter rutilo cum lumine claret, 
Fervidus ille Canis stellarum luce reftdgens ;" 
but " rutilo cum lumine" is not a translation of wouctXof, but 
the mere addition of a free translation. (From letters ad- 
dressed to me by Professor Franz.) " If," as Arago observes 
{Annuaire, 1842, p. 351), "the Koman orator, in using the 
term rutilus, purposely departs from the strict rendering of 
the Greek of Aratus, we must suppose that he recognized the 
reddish character of the light of Sirius." 

*' Cleom., Q/cL ITieor., i. ii. p. 69. 

*8 Madler, ^5^r. 1849, s. 391. 

*® Sir John Herschel, in the JEdinh, Review^ vol. 87, 
1848, p. 189, and in Schum. Astr, Nachr., 1839, no. 372: — 
" It seems much more likely that in Sirius a red colour should 
be the efiect of a medium interfered, than that in the short 
space of 2000 years so vast a body should have actually under- 
gone such a material change in its physical constitution. „.It 
may be supposed owing to the existence of some sort of cos- 
mical cloudiness, subject to internal movements, depending on 
causes of which we are ignorant." (Compare Arago in the 
Annuaire pour 1842, pp. 350-353.) 

TOL. III. N 
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lajns, either in the photosphere of the star itself, or in the 
moving cosmieal clouds by which it is surrounded. It is to 
be wished that the epoch of the disappearance of the red 
colour of Sirius had been recoaxled by a definite reference to the 
time, as this subject has excited a yivid interest in the minds 
of astronomers since the great advance made in modem 

^ optics. At the time of Tycho Brahe the light of Sirius was un- 
doubtedly already white, for when the new star which appeared 
in Cassiopeia, in 1572, was observed in the month of March, 
1573, to change from its previous dazzling white colour to a 
reddish hue, and again became white in January, 1574, the red 
appearance of the star was compared to the colour of Mars and 
Aldebaran, but not to that of Sirius. M. Sedillot, or other phi- 
lologists conversant with Arabic and Persian astronomy, may 
perhaps some day succeed in discovering evidence of the 
earlier colour of Sirius, in the periods intervening from El- 
Batani (Albategnius) and El-Fergani ( Alfraganus) to Abdur- 
rahman Sufi and Ebn- Junis (that is, from 880 to 1007), and 

, frt)m Ebn-Jimis to Nassir-Eddin and Ulugh-Beg (frx}m 1007 
to 1437). 

El-Fergani (properly Mohammed Ebn-Kethir El-Fergani), 
who conducted astronomical observations in the middle of the 
tenth century at Bakka (Aracte) on the Euphrates, indicates 
as red stars [stellcb ruffce of the old Latin translation of 1590) 
Aldebaran, and, singularly enough,"^ Capella, which is now 
yellow and has scarcely a tinge of red, but he does not men- 
tion Sirius. If at this period Sirius had been no longer red, 
it would certainly be a striking &ct that El-Fergani, who 
invariably follows Ptolemy, should not here indicate the 

^ In Muhamedis Alßragani chronologica et astronomica 
Elementa, ed. Jacobus Chnstmannus, 1590, cap. 22, p. 97, 
we read: — "Stella ruffa in Tauro Aldebaran; steUa ruflSi in 
Geminis quse appellatur Hajok, hoc est Capra." Alhtj^oc, 
Aijuk are, however, the ordinary names for Capella Aurigee, 
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change of colour in so celebrated a star. Negative proo& are 
howeyer not often conclusive, and indeed £1-Fergani makes no 
reference in the same passage to the colour of Betelgeux.(a 
Orionis), which is now red, as it was in the age of Ptolemy. 

It has long been acknowledged that of all the brightest 
luminous fixed stars of heaven, Sirius takes the first and most 
important place, no less in a chronological point of view, than 
through its historical association with the earliest develop- 
ment of human dvilization in the valley of the Nile. The era 
of Sothis — ^the heliacal rising of Sothis (Sirius) — on which 
Biot has written an admirable treatise, indicates, acc<nrding to 
the most recent investigations of Lepsius,"^ the complete ar- 
rangements of the Egyptian calendar into those ancient epochs, 
including nearly 3300 years before our era, '* when not only 
the summer solstice, and consequently the beginning of the 
rise of the Nile, but also the heliacal ri^g of Sothis, fell on the 
day of the first water-month (or the first Pachon)." I will 
collect in a note the most recent, and hitherto unpublished, 
etymological researches on Sothis or Sirius &om the Coptic, 
Zend, Sanscrit, and Greek, which may perhaps be acceptable 
to those who, firom love for the history of astronomy, seek 

in the Arabic and Latin Almagest. Argelander justly observes, 
in reference to this subject, thatPtolemy in the astrological work 
(TcTpdßißkos avvTo^ts), the genuine character of which is testi- 
fied by the style as well as by ancient evidence, has associated 
planets with stars according to similarity of colour, and has 
thus connected Martis Stella, Qua writ stent congruit igneo 
ipsitts coloriy with Aurig» steUa, or Capella. (Compare 
PtoL, Quadripart Construct,^ libri iv. Basil, 1551, p. 383.) 
Biccioli (Almagestum novum, ed. 1650, tom. i. pars i. lib. 6, 
cap. 2, p. 394) also reckons Capella together with Antares, 
Aldebaran. and Arcturus among red stars. 

•* See Chronologie der Ägypter, by Richard Lepsius, bd. i. 
1849, s. 190-195, 213. ITie complete arrangement of the 
Egyptian calendar is referred to the earlier part of the year 
3285 before our era, »'. e, about a century and a half after the 

n2 



180 COSMOS. 

in languages and their aflinities, monuments of the eailier 
conditions of knowledge.®* 

building of the great pjnramid of Cheops-Chufii, and 940 years 
before the period generally assigned to the Deluge. (Compare 
Cosmos, vol. ii. p. 475 and note.) In the calculations based 
on the circumstance of Colonel Vyse having found that the 
inclination of the narrow subterranean passage leading into the 
interior of the pyramid, very nearly corresponded to the angle 
26° 15', which, in the time of Cheops (Chufu), was attained 
by the star <z Draconis, which indicated the pole, at its inferior 
culmination at Gizeh, the date of the building of the pyramid 
is not assumed at 3430 b.c, as given in Cosmos according 
to Letronne, but at 3970 b.c. \Outlines of Astr,, § 319.) 
This difference of 540 years tends to strengthen the assump- 
tion, that a Drac. was regarded as the pole-star, as in 3970 it 
was still at a distance of 3° 44' from the pole. 

^ I have extracted the following observations from letters 
addressed to me by Professor Lepsius (February, 1850). " The 
Egyptian name of Sirius is Sothis^ designated as a female star ; 
hence, ^ Swots is identified in Greek with the goddess Sote 
(more frequently Sit in hieroglyphics,) and in the temple of 
the great Ramses at Thebes with Isis-Sothis (Lepsius, Chron, 
der ./Egypter^ bd. i. s. 119, 136). The signification of the 
root is found in Coptic, and is allied with a numerous family 
of words, the members of which, although they apparently 
differ very widely from each other, admit of being arranged 
somewhat in the following order. By the threefold transfer- 
ence of the verbal signification, we obtain from the original mean- 
ing, to throw out — -projicere {sagittam, telum) — ^first, seminare^ 
to sow; next, extendere, to extend or spread (as spun threads;) 
and lastly, what is here most important, to radiate light and 
to shine (as stars and fire). From this series of ideas we may 
deduce the names of the divinities. Satis (the female archer) ; 
Sothis, the radiating, and Seth, the fiery. We may also hiero- 
glyphically explain sit or seti, the arrows as well as the ray ; seta^ 
to spin ; setu, scattered seedis. Sothis is especially the brightly 
radiating^ the star regulating the seasons of the year and 
periods of time. The small triangle, always represented yellow, 
which is a symbolical sign for Sothis, is used to designate the 
radiating sun when arranged in numerous triple rows issuing 
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Besides Sirius, Vega, Deneb, Regulus, and Spica, are at the 
present time decidedly white ; and among the small double 

in a downward direction from the sun's disk. Seth is the fiery- 
scorching god, in contradistinction to the warming, fructifying 
water of the Nile, the goddess Satis who inundates the soiL 
She is also the goddess of the cataracts, because the overflowing 
of the Nile began with the appearance of Sothis in the heavens 
at the sunmier solstice. In Vettius Valens the star itself is 
called 2^0 instead of Sothis ; but neither the name nor the 
subject admits of our identifying Thoth with Seth or Sothis, as 
Ideler has done. {Handbuch der Chronologiey bd. i. s. 126.)" 
(Lepsius, bd. i. s. 136.) 

I will close these observations taken from the early Egyp- 
tianperiods with some Hellenic, Zend, and Sanscrit etymologies : 
** 2€tp, the sun," says Professor Franz, " is an old root, differing 
only in pronunciation from Otp^ öepos, heaty summer, in which 
we meet with the same change in the vowel sound as in rt^pos 
and T€pos or rtpas. The correctness of these assigned relations 
of the radicals (rtlp and Oep, Oipos, is proved not only by the em- 
ployment of Oepeiraros in Aratus, v. 149 (Ideler, Stemnam^n, 
s. 241), but also by the later .use of the forms (relpos, atipibs, and 
<r€Lpiv6s hot, hurning, derived from (rtip. It is worthy of notice 
that <y^ipa or öeipiva i/xarta is used the same as Oepiva. Ifxarui^ 
light summer clothing. The foim aetpios seems, however, to 
have had a wider application ; for it constitutes the ordinary 
term appended to all stars influencing the summer heat : hence, 
according to the version of the poet, Archilochus, the sun was 
creipios darrip, while Ibycus calls the stars generally a-fipia^ 
luminous. It cannot be doubted that it is the sun to which 
Archilochus refers in the words, iroXKoifs p.kv avrov aeipios 
Karavavfl o^vs iKKdfiTrmv, According to Hesychius and Suidas, 
'Seipios does indeed signify both the sun and the Dog-star ; but 
I fully coincide with M. Martin, the new editor of Theon of 
Smyrna, in believing that the passage of Hesiod {Opera et 
Dies, V. 417,) refers to the sun, as maintained by Tzetzes and 
Proclus, and not to the Dog-star. From tlie adjective crtipiost 
which has established itself as the ' epitheton perpetuum' of the 
Dog-star, we derive the verb aeiptdv, which may be translated 
* to sparkle.' Aratus, v, 331, says of Sirius, o^ta aeipidei, » it 
«parkles strongly.* When standing alone, the word Seip^i/, the 



174 COSMOS. 

the question, why fixed stars of the first magnitude, notwith- 
standing their great intensity of light, cannot be seen when 
rising above the horizon in the same manner as under similar 
circumstances we see the outer margin of the moon's disc.** 

Even the most perfect optical instruments, and those hay- 
ing the highest magnifying powers, give to the fixed stars 
spurious discs (diam^tres factices) ; " the greater aperture," 
according to Sir John Herschel, " even with the same mag- 
nifying power giving the smaller disc.*'** Occultations of the 
stars by the moon's disc show that the period occupied in 
the immersion and emersion is so transient that it cannot be 
estimated at a fraction of a second of time. The frequent oc- 
currence of the so-called adhesion of the immersed star to the 
moon's disc, is a phenomenon depending on inflection of light 
in no way connected with the question of the spurious dia- 
meter of the star. We have already seen that Sir William 
Herschel, with a magnifying power of 6500, found the diame- 
ter of Vega O^-Se. The image of Arcturus was so dimin- 
ished in a dense mist, that the disc was below 0''*2. It is 
worthy of notice that, in consequence of the illusion occasioned 
by stellar radiation, Kepler and Tycho, before the invention 



1835, cap. 13, p. 20. The learned editor notices, how- 
ever, in refutation of Jomard's assertion {Descr, de VEgypte^ 
tom. vii. p. 423), that a star, as the nimierical hieroglyphic 
for 5, has not yet been discovered on any monimient or 
papyrus-roll. (Horap., p. 194.) 

" I found an opinion prevalent among the sailors of the 
Spanish ships of tlie Pacific, that the age of the moon might 
be determined before the first quarter, by looking at it 
through a piece of silk and counting the multiplied images. 
Here we have a phenomenon of diffraction observed throbgh 
fine slits. 

*^ Outlines, § 816. Arago has caused the spurious dia- 
meter of Aldebaran to increase from 4* to 15* in the instru- 
ment by diminishing the object-glass. 
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of the telescope, respectively ascribed to Sirius** a diameter 
of 4' and of 2' 20". 

The alternating light and dark rings which surround the 
small spurious discs of the stars when magnified two or 
three hundred times, and which appear iridescent when 
seen through diaphragms of different form, are likewise the 
result of interference and diffraction, as we learn from the 
observations of Arago and Airy. The smallest objects which 
can be distiactly seen in the telescope as limiinous points, 
may be employed as a test of the perfection in construc- 
tion and illuminating power of optical instruments, whether 
refractors or reflectors. Amongst these we may reckon mul- 
tiple stars, such as t Lyrae, and the 5th and 6th star discovered 
by Struve,in 1826, and by Sir John Herschel in 1832, in the 
trapezium of the great nebula of Orion,** forming the qua- 
druple star d of that constellation. 

A difference of colour in the proper light of the fixed stars, 

/ 

** Delambre, Hist, de VAstr. moderne^ tom. i. p. 193; 
Arago, Anntmire^ 1842, p. 366. 

** "Two excessively minute, and very close 6ompanions, to 
perceive both of which, is one of the severest tests which can be 
applied to a telescope." {Outlines, § 837. Compare also Sir 
John Herschel, Observations at the Cape, p. 29 ; and Arago, 
in the Annuaire pour 1834, pp. 302-305.) Among the dif- 
ferent planetary cosmical bodies by which the illuminating 
power of a strongly magnifying optical instrument may be 
tested, we may mention the Ist and 4th satellites of Uranus, re- 
discovered by Lasselland Otto Struve in 1847, the two inner- 
most and the 7th satellite of Saturn (Mimas, Enceladus, and 
Bond's Hyperion); and Neptune's satellite discovered by Lassell. 
The power of penetrating into celestial space occasioned 
Bacon, in an eloquent passage in praise of Galileo, to whom 
he erroneously ascribes the invention of telescopes, to com- 
pare these instruments to ships which carry men upon an 
unknown ocean : — " Ut propriora exercere possint cum coeles- 
tibus commercia." {Works of Francis Bacon, 1740, vol. i. 
Novum Organum^ p. 361.) 
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as well as in the reflected light of the planets, was recognized 
at a very early period; but our knowledge of this remarkable 
phenomenon has been greatly extended by the aid of telescopic 
vision, more especially since attention has been so especially 
directed to the double stars. We do not here allude to the 
change of colour which, as already observed, accompanies 
scintillation even in the whitest stars, and still less to the 
transient and generally red colour exhibited by stellar light 
near the horizon, (a phenomenon owing to the character of 
the atmospheric medium through which we see it,) but to the 
white or coloured stellar light radiated from each cosmical 
body, in consequence of its peculiar luminous process, and the 
different constitution of its sui-face. The Grreek astronomers 
were acquainted with red stars only, while modem science has 
discovered, by the aid of the telescope, in the radiant fields of 
the starry heaven, as in the blossoms of the phanero- 
gamia, and in the metallic oxides, almost all the gradations of 
the prismatic spectrum between the extremes of refrangibility of 
the red and the violet ray. Ptolemy enumerates in his catalogue 
of the fixed stars six ( wroKippoi) fiery red stars, viz : ** Arcturus 
Aldebaran, Pollux, Antares, a Orionis (in the right shoulder), 

** The expression {nrSKippos, which Ptolemy employs indis- 
criminately to designate the six stars named in his catalogue, 
implies a slightly marked transition from fiery-yellow to fiery ^ 
red; it therefore refers, strictly speaking, to a fiery-reddish 
colour. He seems to attach the general predicate iav66s, 
fiery-yellow y to all the other fixed stars. {Almag.^ viii. 3 ed. 
Halma, tom. ii. p. 94.) Kippos is, according to Galen, {Meth, 
med. 12,) a pale fiery-red inclining to yellow. Gellius com* 
pares the word with melinus, which, according to Servius, has 
the same meaning as "gilvus" and "fulvus." As Sirius 
is said by Seneca {Nat, Quast. ^ i. 1) to be redder than MarSy 
and belongs to the stars called in the Almagest wroKippoiy 
there can be no doubt that the word implies the predominance, 
or, at all events, a certain proportion of red rays. The asser- 
tion that the affix noiKiKos, which Aratus, v. 327, attaches to 
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and Sirius. Cleomedes even compares Antares in Scorpio 
with the fiery red Mars,*^ which is called both irvpphs and 
7rvpo€iB^s, 

Of the six above named stars, five still retain a red or 
reddish light. Pollux is still indicated as a reddish, but 
Castor as a greenish star.*^ Sirius therefore affords the 
only example of an historically proved change of colour, 
for it has at present a perfectly white light. A great 
physical revolution** must therefore have occurred at the 
surface or in the photosphere of this fixed star, (or remote 
sun, as Aristarchus of Samos called the fixed stars) before 
the process could have been disturbed by means of which 
the less refrangible red rays had obtained the preponderance, 
through the abstraction or absorption of other complementary 

Sirius, has been translated by Cicero as " rutilus," is erro- 
neous. Cicero says, indeed, v. 348 : — 

" Namque pedes subter rutilo cum lumine claret, 
Fervidus ille Canis stellarum luce reftJgens ;" 
but " rutilo cum lumine" is not a translation of jroneiXor, but 
the mere addition of a free translation. (From letters ad- 
dressed to me by Professor Franz.) " If," as Arago observes 
{Annuatre^ 1842, p. 351), "the Roman orator, in using the 
term rutilus, purposely departs firom the strict rendering of 
the Greek of Aratus, we must suppose that he recognized the 
reddish character of the light of Sirius." 

*^ Cleom., Cycl. I%eor., i. ii. p. 59. 

« Mädler/^Ä^r. 1849, s. 391. 

*® Sir John Herschel, in the Edinh, Review, vol. 87, 
1848, p. 189, and in Schum. Astr. Nachr., 1839, no. 372: — 
" It seems much more likely that in Sirius a red colour should 
be the effect of a medium interfered, than that in the short 
space of 2000 years so vast a body should have actually under- 
gone such a material change in its physical constitution. ,,.It 
may be supposed owing to the existence of some sort of cos- 
mical cloudiness, subject to internal movements, depending on 
causes of which we are ignorant." (Compare Arago in the 
Annuaire pour 1842, pp. 350-353.) 

TOL. III. N 
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vays, either in the photosphere of the star itself, or in the 
moving cosmical clouds by which it is surrounded. It is to 
be wished that the epoch of the disappearance of the red 
colour of Sirius had been recorded by a definite reference to the 
time, as this subject has excited a vivid interest in the minds 
of astronomers since the great advance made in modem 

^ optics. At the time of Tycho Brahe the light of Sirius was un- 
doubtedly already white, for when the new star which appeared 
in Cassiopeia, in 1572, was observed in the month of March, 
1573, ta change from its previous dazzling white colour to a 
reddish hue, and again became white in January, 1574, the red 
appearance of the star was compared to the colour of Mars and 
Aldebaran, but not to that of Sirius. M. Sedillot, or other phi- 
lologists conversant with Arabic and Persian astronomy, may 
perhaps some day succeed in discovering evidence of the 
earlier colour of Sirius, in the periods intervening from El- 
Batani ( Albategnius) and El-Fergani ( Alfraganus) to Abdur- 
rahman Sufi and Ebn-Jimis (that is, from 880 to 1007), and 

, from Ebn- Junis to Nassir-Eddin and Ulugh-Beg (from 1007 
to 1437). 

El-Fergani (properly Mohammed Ebn-Eethir El-Fergani), 
who conducted astronomical observations in the middle of the 
tenth century at Bakka (Aracte) on the Euphrates» indicates 
as red stars {stellce ruffa of the old Latin translation of 1590) 
Aldebaran, and, singularly enough,** Capella, which is now 
yellow and has scarcely a tinge of red, but he does not men- 
tion Sirius. If at this period Sirius had been no longer red, 
it would certainly be a striking fsict that El-Fergani, who 
invariably follows Ptolemy, should not here indicate the 

^ In Muhamedis Aljragani chronologica et astronomica 
JSlementa, ed. Jacobus Chnstmannus, 1590, cap. 22, p. 97, 
we read: — "Stella ruffa in Tauro Aldebaran; Stella ruflfe in 
Geminis qu8B appellatur Hajok, hoc est Capra." Alhctjoc^ 
Aijuk are, however, the ordinary names for Capella Aurigee, 
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change of colour in so celebrated a star. Nc^atire proofs are 
howeyer not often conclusive, and indeed El-Fergani makes no 
reference in the same passage to the colour of Betelgeux (a 
Orionis), which is now red, as it was in the age of Ptolemy. 

It has long been acknowledged that of all the brightest 
luminous fixed stars of heaven, Sirius takes the first and most 
important place, no less in a chronological point of view, than 
through its historical association with the earliest develop- 
ment of human civilization in the valley of the Nile. The era 
of Sothis — ^the heliacal rising of Sothis (Sirius)— on which 
Biot has written an admirable treatise, indicates, according to 
the most recent investigations of Lepsius," the complete ar- 
rangements of the Egyptian calendar into those ancient epochs, 
including nearly 3300 years before our era, " when not only 
the summer soUstice, and consequently the beginning of the 
rise of the Nile, but also the heliacal ri»ng of Sothis, fell on the 
day of the first water-month (or the first Pachon)." I will 
collect in a note the most recent, and hitherto unpublished, 
etymological researches on Sothis or Sirius from the Coptic, 
Zend, Sanscrit, and Greek, which may perhaps be acceptable 
to those who, firom love for the history of astronomy, seek 

in the Arabic and Latin Almagest. Argelander justly observes, 
in reference to this subject, that Ptolemy in the astrological work 
(Terpaßißkos trvpra^ts), the genuine character of which is testi- 
fied by the style as well as by ancient evidence, has associated 
planets with stars according to similarity of colour, and has 
thus connected Martis steUa, Qms writ sicut congruit igneo 
ipsius colori^ with AurigcB steUa, or Capella. (Compare 
Ptol., Quadripart Construct,, libri iv. Basil, 1551, p. 383.) 
Eiccioli {Almagestum novum^ ed. 1650, tom. i. pars i. lib. 6, 
cap. 2, p. 394) also reckons Capella together with Antares, 
Aldebaran. and Arcturus among red stars. 

" See Chronologie der JEgypter, by Richard Lepsius, bd. i. 
1849, s. 190-195, 213. llie complete arrangement of the 
Egyptian calendar is referred to the earlier part of the year 
8285 before our era, ». e, about a century and a half after the 

n2 
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in languages and their affinities, monuments of the earlier 
conditions of knowledge. ^ 

building of the great pyramid of Cheops-Chufu, and 940 years 
before the period generally assigned to the Deluge. (Compare 
Cosmos, vol. ii. p. 475 and note.) In the calculations based 
on the circimistance of Colonel Vyse having found that the 
inclination of the narrow subterranean passage leading into the 
interior of the pyramid, very nearly corresponded to the angle 
26° 15', which, in the time of Cheops (Chufu), was attained 
by the star a Draconis, which indicated the pole, at its inferior 
culmination at Gizeh, the date of the building of the pyramid 
is not assumed at 3430 b.c, as given in Cosmos according 
to Letronne, but at 3970 b.c. {Outlines of Astr,, § 319.) 
This difference of 540 years tends to strengüien the assump- 
tion, that o Drac. was regarded as the pole-star, as in 3970 it 
was still at a distance of 3° 44' from the pole. 

^ I have extracted the following observations from letters 
addressed to me by Professor Lepsius (February, 1850). *' The 
Egyptian name of Sirius is Sothis^ designated as a female star ; 
hence, ^ SÄÖir is identified in Greek with the goddess Sote 
(more frequently Sit in hieroglyphics,) and in the temple of 
the great Ramses at Thebes with Isis-Sothis (Lepsius, Vhron, 
der JEgypter, bd. i. s. 119, 136). The signification of the 
root is found in Coptic, and is allied with a numerous family 
of words, the members of which, although they apparently 
differ very widely from each other, admit of being arranged 
somewhat in the following order. By the threefold transfer- 
ence of th e verbal signification, we obtain from the original mean- 
ing, to throw out — -prc^icere {sagittam, telum) — ^first, seminare^ 
to sow; next, extendere, to extend or spread (as spun threads;) 
and lastly, what is here most important, to radiate light and 
to shine (as stars and fire). From this series of ideas we may 
deduce the names of the divinities. Satis (the female archer) ; 
Sothis, the radiating, and Seth, the fiery. We may also hiero- 
glyphically explain sit or seti, the arrows as well as the ray ; seta, 
to spin ; setu, scattered seeds. Sothis is especially the brightly 
radiating, the star regulating the seasons of the year and 
periods of time. The small triangle, always represented yellow, 
which is a symbolical sign for Sothis, is used to designate the 
radiating sun when arranged in numerous triple rows issuing 
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Besides Sirius, Vega, Deneb, Regulus, and Spica, are at the 
present time decidedly white ; and among the small double 

in a downward direction from the siin's disk. Seth is the fiery 
scorching god, in contradistinction to the warming, fructifying 
water of the Nile, the goddess Satis who inundates the soiL 
She is also the goddess of the cataracts, because the overflowing 
of the Nile began with the appearance of Sothis in the heavens 
at the summer solstice. In Vettius Valens the star itself is 
called 2^0 instead of Sothis ; but neither the name nor the 
subject admits of our identifying Thoth with Seth or Sothis, as 
Ideler has done. {Handbuch der Chronologie, bd. i, s. 126.)" 
(Lepsius, bd. i. s. 136.) 

I will close these observations taken from the early Egyp- 
tian periods with some Hellenic, Zend, and Sanscrit etymologies : 
** Setp, the sun," says Professor Franz, " is an old root, differing 
only in pronunciation from Btp, ßepos^ heat, summer, in which 
we meet with the same change in the vowel sound as in relpos 
and repos or repas. The correctness of these assigned relations 
of the radicals <^«p and Oep, Oepos, is proved not only by the em- 
ployment of OepeiraTos in Aratus, v. 149 (Ideler, Sternnamen, 
8. 241), but also by the later ,use of the forms erf ipos, aeipios, and 
iTeipiv6s hot, burning, derived from <^«f>. It is worthy of notice 
that fT€ipa or 6(ipivä ipAna is used the same as Bepiva Ipm-iaf 
light summer clothing. The fonn ceipios seems, however, to 
have had a wider application ; for it constitutes the ordinary 
term appended to all stars influencing the summer heat : hence, 
according to the version of the poet, Archilochus, the sun was 
creipios dor^p, while Ibycus calls the stars generally aelpia, 
luminous. It cannot be doubted that it is the sun to which 
Archilochus refers in the words, iroXXovs fxev avrov atipios 
Karavavel o^vs i\\dfjL7rci>v, According to Hesychius and Suidas, 
'Seipios does indeed signify both the sun and the Dog-star ; but 
I fully coincide with M. Martin, the new editor of Theon of 
Smyrna, in believing that the passage of Hesiod {Opera et 
Dies, V. 417,) refers to the sun, as maintained by Tzetzes and 
Proclus, and not to the Dog-star. From tlie adjective aeipioi, 
which has established itself as the ' epitheton perpetuum' of the 
Dog-star, we derive the verb acipiov, which may be translated 
* to sparkle.' Aratus, v, 331, says of Sirius, o^ea a-eiptdei, » it 
sparkles strongly.' When standing alone, the word 2«p^i;, the 
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stars Struve enumerates about 300, in which both stars are 
white.** Procyon, Atair, the Pole Star, and more especially 
ß Urs8B Min. have a more or less decided yellow light. We 
have already enumerated among the larger red or reddish 

Siren, has a totally different etymology; and your conjecture, 
that it has merely an accidental similarity of sound with the 
brightly shining star Sirius, is perfectly well-founded. The 
opinion of those who, according to Theon Smymeeus {Liber de 
Astronomia^ 1850, p. 202), derive Setp^v from o-€ipiof«v (a more- 
over unaccredited form of aeipiav) is likewise entirely erroneous. 
While the motion of heat and light is implied by the expres- 
sion trtipios^ the radical of the word Scip^v represents the flow- 
ing tones of this phenomenon of nature. It appears to me 
probable, that S^tp^v is connected with «peiv (Plato, Cratyl. 
398 D, rh yap (Ypeiv Xeyctp iari,) in which the original sharp 
aspiration passed into a hissing sound.'' (From letters of 
Prof. Franz to me, January, 1850.) 

The Greek Seip, the sun, easily admits, according to Bopp, " of 
being associated with the Sanscrit word svar, which does not 
indeed signify the sun itself, but the heavens, (as something 
shining.) The ordinary Sanscrit denomination for the sun is 
surya^ a contraction of svdtya, which is not used. The root 
svar signifies in general to shine. The Zend designation for the 
sun is hvare, witi^ the h instead of the s. The Qxeek B^p, Oepos^ 
and 6€pp^s comes from the Sanscrit word gharma (Nom^ 
gharmas^) warmth, heat." 

The acute editor of the Rigveda, Max Müller, observes, 
that '' the special Indian astronomical name of the Dog-star, 
Luhdhaka, which signifies a hunter, when considered in re- 
ference to the neighbouring constellation Orion, seems to indi- 
cate an ancient Arian community of ideas regarding these groups 
of stars." He is moreover principally inclined " to derive Sctpto» 
from the Veda word sira (whence the adjective sairya,) and 
the root m, to go, to wander; so that the sun and the brightest 
of the stars, Sirius, were originally called wandering stars." 
(Compare also Pott, Etymologische Forschungen^ 1833, 
s. 130.) 

^ Struve, Stellarum compositarum Jfensura micrometrtc<e, 
1837, p. Ixxiv. et Ixxxiii. 
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stars Betelgeux, Aroturus, Aldebaran, Antares, and Pollux. 
Rümker finds > Crucis of a fine red colour, and my old friend; 
Captain Berard, who is an admirable observer, irrote vfrom 
Madagascar in 1847, tiiat he had for some years seen a 
Crucis growing red. The star 17 Argus, which has been 
rendered celebrated by Sir John HerschePs observations, and 
to which I shaU soon refer more circumstantially, is under* 
going a change in colour, as well as in intensity of light. In . 
the year 1843, Mr. Mackay noticed at Calcutta that this star 
was similar in cdour to Arcturus, and was therefore reddiiA 
yellow;^ but in letters from Santiago de Chili, in Feb. 
1850, Lieutenant Qilliss speaks of it as being of a darker 
colour than Mars. Sir John Herschel, at the conclusion of 
his Observations at the Cape, gives a list of seventy-six ruby-^^ 
coloured small stars, of the 7th to the 9th magnitude, some of 
which appear in the telescope like drops of blood. The majo* 
rity of the variable stars are also described as red and reddish,^ 
the exceptions being Algol in Caput Medusee, ß Lyrse and t 
Auriga, which have &pure white light. Mira Ceti, in which 
a periodical change of light was first recognised, has a strong 
reddish light;* but the variability observed in Algol and 
ß LyrsB, proves that this red colour is not a necessary condi- 
tion of a change of light, since many red stars are not 
variable. The fedntest stars in which colours can be dis- 
tinguished belong, according to Struve, to the 9th and 10th 
magnitudes. Blue stars were first mentioned by Mariotte,"' 
1686, in his TraitS des Couleurs, The light of a Lyrte is 
bluish ; and a smaller stellar mass of 3^ minutes in diameter 
in the southern hemisphere consists, according to Dunlop, of 
blue stars alone. Among the double stars there are many in 

■ — ■ — • — " — - — • — — — ■ ^ ■ — ' "— 

^ Sir John Herschel, Observations at the Cape, p. 34. 

** M'adler's Astronomie, s. 436. 

** Cosmos, vol. ii. p. 713. 

*" Arago, Annuaire pour 1842, p. 848. 
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which the principal star is white, and the companion blue ; 
and some in which both stars have a blue light » (as B Serp. 
and 59 Androm.) Occasionally, as in the stellar swarm near 
K of the Southern Cross, which was mistaken by Lacaille for 
a nebulous spot, more than a hundred variously- coloured red, 
green, blue, and bluish-green stars are so closely thronged to- 
gether that they appear in a powerful teleöcope " like a superb 
piece of fancy jewellery." *• 

The ancients believed they could recognize a remarkaye 
symmetry in the arrangement of certain stars of the 1st 
magnitude. Thus their attention was especially directed 
to the four so-called regal stars which are situated at op- 
posite points of the sphere, Aldebaran and Antares, Re- 
gulus and Fomalhaut. We find this regular arrangement, 
of which I have already elsewhere treated,* specially referred 
to in a late Roman writer, Julius Firmicus Matemus,^^ who 
belonged to the age of Constantine. The differences of right 
ascension in these regal stars, Stella regales, are llh. 57m. and 
12h. 49m. The importance formerly attached to this subject is 
probably owing to opinions transmitted from the East, which 
^gained a footing in the Roman empire imder the Caesars, 
together ^with a strong national predilection for astrology. 
The leg, or north star of the Great Bear, (the celebrated star 
of the BulFs leg in the astronomical representations of Den- 
dera, and in the Egyptian Book of the Dead) is perhaps the 
star indicated in an obscure passage of Job (ch. ix, ver. 9), 
in which Arcturus, Orion, and the Pleiades are contrasted with 
" the chambers of the south," and in which the four quarters 

* Struve, SteU<B comp.^ p. Ixxxii. 

*• Sir John Herschel, Observations at the Cape^ pp. 17, 102. 
(^« Nebula and Clusters, No. 3435.") 

^ Humboldt, Vues des Cordilleres et Monumens des peuples 
indigenes de V Amirique, torn. ii. p. bb. 

*^ Julii Firmici Matemi Astron., libri viii. Basil, 1551, 
lib. vi. cap. i. p. 150. 
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of the heavens in like manner are indicated by these four 
groups.® 

While a large and splendid portion of the southern heavens 
beyond stars having 53° S. Decl. were unknown in ancient 
times, and even in the earlier part of the middle ages, the know- 
ledge of the southern hemisphere was gradually completed 
about a century before the invention and application of the 
telescope. At the time of Ptolemy there were visible on the 
horizon of Alexandria, the Altar, the feet of the Centaur, 
the Southern Cross, then included in the Centaur, and 
according to Pliny also called Ccesaris ITironus^ in honour 
of Augustus,® and Canopus (Canobus) in Argo, which is 
called FtolenuBon by the scholiast to Germanicus.** In the 

^ Lepsius, CJironoL der Jügypter^ bd. i. s. 143. In the 
Hebrew text mention is made of Asch^ the giant (Orion ?), the 
many stars (the» Pleiades, Gemut?) and " the Chambers of the 
Soutii." The Septuagint gives: ^ voilw» 'EXttdBa Kal^EoTrepov 
Kol *ApKTOvpov Koi TafiHa vorov. 

The early English translators, like the Germans and Dutch, 
understood the first group referred to in the verse to signify 
the stars in the Grreat Bear. Thus we find in Coverdale's 
version, " He maketh the wajmes of heaven, the Orions, the 
vii. stars and the secret places of the south." — ^Adam Clarke's 
Commentary on the Old Testament, — (Tk.) 

^ Ideler, Sternnamen, s. 295. 

** Martianus Capella changes Ptolemceon into Ptolemeeus ; 
both names were devised by the flatterers at the court of the 
Egyptian sovereigns. Amerigo Vespucci thought he had 
seen three Canopi, one of which was quite dark (Jbsco)^ Cano- 
pus intens etniger of the Latin translation : most probably one 
of the black coal-sacks. (Himiboldt, Examen crtt. de la Giogr. 
tom. V. pp. 227, 229.) In the above-named EUm, chronol. et 
Astron. by El Fergani (p. 100), it is stated that the Christian, 
pilgrims used to call the Sohel of the Arabs (Canopus) the 
«tar of St. Catherine, because they had the gratification of 
observing it, and admiring it as a guiding star when they 
journeyed firom Gaza to Mount Sinai. In a fine episode to 
the Eajnayana, the oldest heroic poem of Indian antiquity, the 
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catalogue of the Almagest, Achemar, a star of the 1st mag- 
nitude, the last in Eridanus, (Achir el-nahr, in Arabic,) is also 
given, although it was 9° below ihe horizon. A report of the 

stars in the vicinity of the South Pole are declared for a 
singular reason to have been more recently created than the 
northern. When Brahminical Indians were emigrating 
from, the north-west to the countries aroimd the Ganges, 
from the 30th degree of north latitude to the lands of the 
tropics, where they subjected the original inhabitants to 
their dominion, they saw unknown stars rising above the 
horizon as they advanced towards Ceylon. In accordance 
with ancient practice, they combined these stars into new 
constellations. A bold fiction represented the later-seen 
stars as having been subsequently created by the mira- 
culous power of Visvamitra, who threatened " the ancient 
gods that he would overcome the northern hemisphere, 
with his more richly starred southern hemisphere." (A. W.von 
Schlegel, in the Zeitschrift fur die Kunde des Morgenlandes^ 
bd. i. 8. 240.) While this Indian myth figuratively depicts 
the astonishment excited in wandering nations by the aspect 
of a new heaven (as the celebrated Spanish poet, Garcüaso 
de la Vega, says of travellers, "they change at once their 
country and stars," mudan de pays y de estrellaSf) we are 
powerfully reminded of the impression that must have been 
excited, even in the rudest nations, when, at a certain part of 
the earth's surface, they observed large, hitherto unseen stars 
appear in the horizon, as those in the feet of the Centaur, in 
the Southern Cross, in Eridanus or in Argo, whilst those 
with which they ha4 been long familiar at home wholly, dis- 
appeared. The fixed stars advance towards us, and again 
recede, owing to the precession of the equinoxes. We 
have already mentioned that the Southern Cross was 7° 
above the horizon, in the countries around the Baltic, 2900 
years before our era ; at a time, therefore, when the great 
P3n:amids had already existed five hundred years. (Compai'e 
Cosmos, pp. 139 and 660.) " Canopus, on the other hand, can 
never have been visible at Berlin, as its distance from the 
South Pole of the ecliptic amoimts to only 14°. It would have 
required a distance of 1° more to bring it within the limits of 
visibility for our horizon." 



DISTBIBUnoW OP STABS. 187 

existence of this star must therefore have reached Ptolemy 
through the medium of those who had made voyages to tiie 
southern parts of the Red Sea, cnr between Ocelis and the Mala- 
bar emporium, Muziris.*'^ Though improvements in the art of 
navigation led Diego Cam, together with Martin Behaim, along 
the western coasts of Africa, as early as 1484, and carried Bar- 
tholomew Diaz in 1487, and Gama in 1497 (on his way to 
the East Indies), far beyond the equator, into the Antarctic 
Seas, as far «as 35° south lat., tiie £rst special notice of tiie 
large stars and nebulous spots, the first description of the 
''Magellanic clouds" and the ''coal-sacks," and even tlm 
fame of " the wonders of the heavens not seen in Üie Medi- 
terranean," belong to the epodi of Vincenze T^ez Pinzon, 
Amerigo Yespucdi, and Andrea Corsali, between 1500 and 
1515. The distances of the stars of the souüiem hemis- 
phere were measured at the close of the 16th and the be- 
ginning of the 17th century.* 

Laws of relative density in the distribution of the fixed 
stars in the vault of heaven, first began to be recognized 
when Sir William Herschel, in the year 1785, conceived the 
happy idea of coimtii^ the number of stars which passed at 
different heights and in various directions over the field of view, 
of 1 5' in diameter, of his twenty-feet reflecting telescope. Fre- 
quent reference has already been made in the present work to 
his laborious process of " gau^ngthe heavens." The field of 
view each time embraced only g a A 6 6^ ^ ^^ whole hea- 
vens; and it would therefore require, according to Struve, 
eighty-threee years to gauge the whole sphere by a similar pro- 
cess.^ In investigations of the partial distribution of stars, 
we must specially consider the class of magnitude to which 

^ Cosmos, vol. ii. pp. 538, 539. 

•• Olbers in Schumacher's Jahrb, für 1840, s. 249, and 
Cosmos, vol. i. p. 51. 
^ Etudes <rAstr, stellaire, note 74, p. 31. 
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the Southern Cross, where it is at its narrowest part, and is 
only 3° or 4° in width. Soon after this the Milky Way again 
expands into a bright and broad mass, which encloses ß Cen- 
tauri as well as a and ß Crucis, and in the midst of which lies 
the black pear-shaped coal-sack, to which I shall more specially 
refer in the 7th section. In this remarkable region, somewhat 
below the coal-sack, the Milky Way approaches nearest to 
the South Pole. 

The above-mentioned bifurcation, which begins at a Cen- 
tauri, extended, according to older yiews, to the constellation 
Cygnus. Passing from a Centauri, a narrow branch runs 
northwards in the direction of the constellation Lupus, where 
it seems gradually lost ; a division next shows itself at y 
NormsB. The northern branch forms irregular outlines tiU it 
reaches the region of the foot of Ophiuchus, where it wholly 
disappears ; the most southern branch then becomes the main- 
stream, and passes through the Altar and the tail of the Scor- 
pion, in the direction of the bow of Sagittarius, where it 
intersects the ecliptic in 276° long. It next runs in an irre- 
gular patchy and winding stream through Aquila, Sagitta, and 
Vulpecula up to Cygnus ; between €, a, and y, of which con- 
stellation a broad dark vacuity appears, which, as Sir John 
Herschel says, is not imlike the southern coal-sack, and 
serves as a kind of centre for the divergence of three great 
streams.'^ One of these, which is very vivid and conspi- 
cuous, may be traced running backward, as it were, through 
ß Cygni and s AquileB, without, however, blending with the 
stream already noticed, which extends to the foot of Ophiuchus. 
A considerable offset or protuberant appendage is also 
thrown off by the northern stream from the head of Cepheus, 



•^ Outlines, p. 531. The strikingly dark spot between 
a and y Cassiopeia^ is also ascribed to the contrast with the 
brightness by which it is surrounded. See Struve, Etudes 
.stell,, note 58. 
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and therefore near Cassiopeia, (from which, constellation 'we 
began our description of the Milky Way) towards Ursa Minor 
and the pole. 

From the extraordinary advancement which the applica- 
tion of large telescopes has graduaUy effected in our know- 
ledge of the sidereal contents and of the differences in the con- 
centration of light observable in individual portions of the 
Milky Way, views of merely optical projection have been re- 
placed by others referring rather to physical conformation. 
Thomas Wright of Durham," Kant, Lambert, and at first 
also Sir William Herschel, were disposed to consider the form 
of the Milky Way, and the apparent accumulation of the stars 
within this zone, as a consequence of the flattened form and 
unequal dimensions of the world-island (starry stratum,) in 
which our solar system is included. The hypothesis of the 
uniform magnitude and distribution of the fixed stars has 
recently been attacked on many sides. The bold and gifted 
investigator of the heavens, Wm. Herschel, in his last works, 
expressed himself strongly in favour of the assumption of an 
annulus of stars ; a view which he had contested in the talented 
treatise he composed in 1 784. The most recent observations 
have favoured the hypothesis of a system of separate concentric 
rings. The thickness of these rings seems very unequal ; and 
the different strata whose combined stronger or fainter light 
we receive, are undoubtedly situated at very different altitudes, 

•* De Morgan has given an extract of the extremely rare 
work of Thomas Wright of Durham, ( Theory of the Universe^ 
London, 1750,) p. 241 in the Philos, Magazine, ser. iii. 
no. 32. Thomas Wright, to whose researches the attention 
of astronomers has been so permanently directed since the 
beginning of the present century, through the ingenious 
speculations of Kant and William Herschel, observed only 
with a reflector of one foot focal length. 

" Pfaff, in Will HerscheVs s'dmmtl, Schriften, bd. i. (1826) 
6. 78-81; Struvß, Etudes stell, pp. 35-44. 
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t. e, at yerj uzLequal distances from us ; but the relatiye bright- 
ness of the separate stars which we estimate as of the l^di to 
the 16th magnitude, cannot be regarded as affording sufficient 
data to enable us in a satis&ctory manner to dednce numeri- 
cally from them the radius of their spheres of distances.*^ 

In many parts of the Milky Way the space-penetrating 
power of instrumeotte is sufficient to resolve whole star-douds, 
and to show the separate luminous points projected on the daxic 
starless ground of the hearens. We here actually lode through 
as into free space. '' It leads us/' says Sir John Herschel/' irre- 
sistibly to the condnsicm Üiat in these regions we see fcMg 
through Üie starry stratum."^ In other regions we see as it 
were throu^ openings and fissures, remote world-islands, oc 
oatbranching portions of the anrndar i^tem ; in other parts, 
again, the Milky Way has hitherto been j^i^mZeM, eTen with 
the forty-feet telescope.^ Inyestigations on the diffeoient in- 
tensity of light in the Milky Way, as well as on tke magni- 
tudes of the stars, which regukrly increase in nimiber from the 
galactic poles to the circle itself (an increase especially ob- 
senrable for Z(f on either side of the Milky Way in «tars 
below the 11th magnitude,^ and therefore in -^ of aU the 

•* Encke, in Schumacher's Astr, Nachr,^ no. 622, 1847, 
s. 341-346. 

** Outlines, pp. 536, 537, where we find the following 
words on the same subject : — ^ In such cases it is equally 
impossible not to perceive that we are lookii^ through a sheet 
of stars neatiy of a sue, and of no great thickness compared 
with the distance which separates them from us." 

^ Struve, Etudes stell., p. 63. Sometimes the largest 
instruments reach a portion of the heavens, in which the 
existence of a starry stratum, shining at a remote distance, is 
only announced by " an uniform dotting or stippling of the 
field of view." See, in Observations at the Cape, p. 390, the 
section ''On some indications of very remote telescopic 
branches of the Milky Way, or of an independent sidereal 
system or systems bearing a resemblance to ^ch branches." 

^ Observations at the Cape, § 314. 
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stars), have led the most recent investigator of the southern 
hemisphere to remarkable views and probable results in re- 
ference to the form of the galactic annular system, and 
what has been boldly called the sun's place in the world- 
island to which this annular system belongs. The place 
assigned to the sun is eccentric, and probably near a point 
where the stratum bifurcates or spreads itself out into two 
sheets,* in one of those desert regions lying nearer to the 
Southern Cross than to the opposite node of the Muky Way.** 
" The depth at which our system is plunged in the sidereal 
stratum, constituting the galaxy, reckoning £rom the sootbem 
surface or limit of that stratum, is about equal to that dietano» 
which on a general av^age corresponds to the light of a star 
of the 9th or 10th magnitude and certainly does not exceed 
that corresponding to the 11th." ^ Where, from the peculiar 
nature of individual problems, measurements and the direct 
evidence of the senses fail, we see but dimly those results which 
intellectual contemplation, urged forward by an intuitive im- 
pulse, is ever striving to attain. 

* Sir William Herschel, in the Philos. Transact, far 1785^ 
p. 21 ; Sir John Herschel, Observations at the Cape, § 293. 
Compare also Struve, Descr, de VOhservatoire de PouUova, 
1845, pp. 267-271. 

*" *' I think," says Sir John Herschel, ^ it is impossible to 
view this splendid zone from a Centauri to the Cross without 
an impression amounting almost to conviction, that the 
Milky Way is not a mere stratum, but annular; or, at least» 
that our system is placed within one of the poorer or almost 
vacant parts of its general mass, and that eccentrically, so as 
to be much nearer to tiie r^on. about the Cross than to that 
diametrically oppo»te to it." (Mary Somerville, On the 
Connexion of the Physical Sciences, 1846, p. 419.) 

}^ Observations at the Cape, § 315. 
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IV. 

NEW STAKS AND STAKS THAT HAVE VANISHED. — ^VAEIABLE 
STABS, WHOSE KECFKEING PEEIODS HAVE BEEN DETER- 
MINED. — VAKIATIONS IN THE INTENSITY OF THE LIGHT 
OF STAK8 WHOSE PEKIODICITY IS AS YET UNINVESTI- 
GATED. 

New Stabs. — ^The appearance of hitherto unseen stars in 
the vault of heaven, especially the sudden appearance of 
strongly scintillating stars of the first magnitude, is an 
occurrence in the realms of space which has ever excited 
astonishment. This astonishment is the greater, in propor- 
tion as such an event as the sudden manifestation of what 
was before invisible, but which nevertheless is supposed 
to have preyiously existed, is one of the very rarest phe- 
nomena in nature. While in the three centuries from 
1500 to 1800, as many as forty-two comets, visible to 
the naked eye, have appeared to the inhabitants of the 
northern hemisphere— on an average, fourteen in every 
hundred years — only eight new stars have been observed 
throughout the same period. The rarity of the latter be- 
comes' still more striking, when we extend our consideration 
to yet longer periods. From the completion of the Alphonsine 
tables, an important epoch in the history o^ astronomy, down 
to the time of William Herschel — that is, from 1252 to 
1800 — ^the number of visible comets is estimated at about 
sixty-three, while that of new stars does not amoimt to more 
than nine. Consequently, for the period during which, in the 
civilized countries of Europe, we may depend on possessing 
a tolerably correct enumeration of both, the proportion of 
new stars to comets visible to the naked eye is as one to 



NEW STABS. 205 

seven. We shall presently show that if from the tail-less 
comets we separate the new stars which, according to the 
records of Ma-tuan-lin, have been observed in China, and 
go back to the middle of the second century before the 
Christian era, that for about 2000 years scarcely more than 
twenty or twenty-two of such phenomena can be adduced 
with certainty. 

Before I proceed to general considerations, it seems not 
inappropriate to quote the narrative of an eye-witness, and 
by dwelling on a particular instance to depict the vividness 
of the impression produced by the sight of a new star. " On 
my return to the Danish islands, from my travels in Gtermany," 
says Tycho Brahe, " I resided for some time with my uncle, 
Steno BiUe (ut aulicse viteB fastidium lenirem), in the old and 
pleasantly situated monastery of Herritzwadt; and here I 
made it a practice not to leave my chemical laboratory until 
the evening. Raising my eyes, as usual, during one of my 
walks, to the weU-known vault of heaven, I observed, with 
indescribable astonishment, near the zenith, in Cassiopeia, a 
radiant fixed star, of a magnitude never before seen, (n my 
amazement, I doubted the evidence of my senses. However, 
to convince myself that it was no illusion, and to have the testi- 
mony of others, I sunmioned my assistants from the labora- 
tory, and inquired of them, and of all the country people 
that passed by, if they also observed the star that had thus 
suddenly burst forth. I subsequently heard that, in (Germany, 
waggoners and other common people first called the attention 
of astronomers to this great phenomenon in the heavens — a 
circumstance which, as in the case of non-predicted comets, 
furnished fresh occasion for the usual raillery at the expense of 
the learned. 

" This new star," Tycho Brahe continues, " I found to be with- 
out a tail, not surrounded by any nebula, and perfectly like all 
other fixed stars, with the exception that it scintillated more 
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stroi^lj than stars of the first magnitude. Its brightness 
was greater Idian tb&t of Sirius, a Lyras, or Jupiter. For 
splendo%ir, it was only comparable ti& Venus when nearest 
to the earth (that is, when only a quarter of her disc is illu- 
■dnated)« Those gifted with ke^i sight couM, when the air 
was clear, diseem the new star in the day-time, and even at 
noon. At night, when the sky was overcast, so that all 
other stars were hidden, it was often visible throi^h the clouds, 
if they were not very dense (nubes non admodum densas). 
Its distances from the nearest stars of Cassiopeia, which 
throughout the whole of the following year I measured with 
great care, convinced me of its perfect immobility. Al- 
ready, in December, 1572, its brilliancy began to diminish, 
and the star gradually resembled Jupiter; but by January, 
1573, it had become less bright than that planet. Successive 
photometric estimates gave the following results : for Febru- 
ary and March, equality with stars of the first magnitude 
(stellarum affixarum primi honoris — ^for Tyeho Brahe seems to 
have disliked using Manilius's expression of stelke fixes) ; for 
April and May, with stars of the second magnitude ; for July 
and August, with those of the third ; for October and November, 
those of the fourth magnitude. Towards the month of No- 
vember, the new star was not brighter than the eleventh 
in the lower part of Cassiopeia's chair. The transition to 
the fifth and sixth magnitude took place between December, 
1573, and February, 1574. In the following month, the new 
star disappeared, and, after having i^one seventeen months, 
was no longer discernible to the naked eye." (The telescope 
was not invented imtil thirty-seven years afterwards.) 

The gradual diminution of the star's luminosity was more- 
over invariably regular; it was not (as is the case in the 
present day with 17 Argus, though indeed that is not to be 
called a new star) interrupted by several periods of re-kindling 
or by increased intensity of light. Its colour also changed with 
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its brightness (a ^Eict which subsequently gave rise to many 
erroneous conchisions as to the velocity of coloured rays in 
their passage through space). At its first appearance, as long 
as it had the brilliancy of Venus and Jupiter, it wa» for two 
months white, and then it passed through yellow into red. In 
the spring of 157^ Tycho Brahe compared it to Mars ; after- 
wards he thought that it nearly resembled Betelgeuze, the star in 
the right shoulder of Orion. Its colour for the most part was like 
the red tint of AldeboranL In the spring of 1 5 73, and especially 
in May, its white colour returned (albedinem quandam subliyi- 
dam induebat, qualis Satumi stellse subesse videtur). So it re- 
mained in January, 1574; being, up to the time of its entire 
disappearance in the month oi March, 1574, of the fifth 
magnitude, and white, but of a duller whiteness, and exhibiting 
a remarkably strong scintillation in proportion to its faint- 
ness. 

The circumstantial minuteness of these statements^ is of 
itself a proof of the interest which this natural phenomenon 
could not fail to awaken, by calling forth many important 
questions, in an epoch so brilliant in the history of astro- 
nomy. For (notwithstanding the general rarity of the 
appearance of new stars) similar phenomena, accidentally 
crowded together within the short space of thirty-two 
years, were thrice repeated within the observation of Euro- 
pean astronomers, and consequently served to heighten the 
excitement. The importance of star-catalogues, for ascer- 

^ De admiranda Nova SteUc^ anno 1572, exorta in Tycha- 
nis Brahe, Astronomite instaurata Progymnasmata, 1603, 
pp. 298-304, and 578. In 'the text I have closely followed 
the account which Tycho Brahe himself gives. The very 
doubtful statement (which is, however, repeated in several 
astronomical treatises) that his attention was first called 
to the phenomenon of the new star by a concourse of country 
people, need not therefore be here noticed. 
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taining the date of the sudden appearance of any star, was 
more and more recognized ; the periodicity' (their re-appear- 
ance after many centuries) was discussed ; and Tycho Brahe 
himself boldly advanced a theory of the process by which 
stars might be formed and moulded out of cosmical vapour, 
which presents many points of resemblance to that of 
the great William Herschel. He was of opinion that the 
vapoury celestial matter which becomes luminous as it 
condenses, conglomerates into fixed stars : " Cceli mate- 
riam tenuissimam, ubique nostro vism et planetarum circuitibus 
perviam, in unum globum condensatam, stellam effingere." 
This celestial matter, which is universally dispersed through 
space, has already attained to a certain degree of condensation 
in the Milky Way, which glimmers with a soft silvery bright- 
ness. Accordingly, the place of the new star, as well as of 
those which became suddenly visible in 945 and 1264, was on 
the veiy edge of the. Milky Way (quo factum est quod nova 
Stella in ipso galaxiae margine constiterit). Indeed, some 
went so far as to believe that they could discern the very spot 
(the opening or hiatus) whence the nebulous celestial matter 
had been drawn from the Milky Way.^ All this reminds one 

* Cardanus, in his controversy with Tycho Brahe, went 
back to the star of the Magi, which, as he pretended, was 
identical with the star of 1572. Ideler, arguing from his 
own calculations of the conjunctions of Saturn with Jupiter, 
and from similar coujectures advanced by Kepler on the 
appearance of the new star in Ophiuchus in 1604, supposes 
that the star of the Magi^ through a confusion of aa-rrip with 
aarpop^ which is so frequent, was not a single great star, but 
a remarkable conjunction of stars, — the close approximation 
of two brightly shining planets at a distance of less than a 
diameter of the moon. Tychonis Progymnasmata, pp. 324- 
330 ; contrast with Ideler, Handbuch dei^ mathematischen und 
technischen Chronologie^ bd. ii. s. 399-407. 

' Progymn.^ pp. 324r-330. Tycho Brahe, in his theory of 
the formation of new stars from Üie Cosmical vapour of the 
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of the theories of transition of the cosmical vapour into clus- 
ters of stars, of an agglomerative force, of a concentration 
to a central nucleus, and of h3rpotheses of a gradual formation 
of solid bodies out of a vaporous fluid; — ^views which were 
generally received in the beginning of the nineteenth cen- 
tury, but which at present, owing to the ever-changing 
fluctuations in the world of thought, are in many respects 
exposed to new doubts. 

Among newly-appeared temporary stars the following 
(though with variable degrees of certainty) may be reckoned. 
I have arranged them according to the order in which they 
respectively appeared. 



(a) 134 


B.c. . 


. in Scorpio. 


(b) 123 


A.D. . 


. in Ophiuchus. 


(c) 173 


» 


. in Centaiuiis. 


(d) 369 


5» • 


. ? 


[e) 386 


J» 


. in Sagittarius. » 


(/) 389 


5» 


. in Aquila. "^ 


(9) 393 


>» 


. in Scorpio. 


(Ä) 827 


>» 


. in Scorpio. 


(t) 945 


5» 


. between Cepheus and Cassiopeia. 


(Ä) 1012 


5» 


. in Aries. 


</) 1203 


>' 


, in Scorpio. 


(m) 1230 


5» 


. in Ophiuchus. 


(n) 1264 


5> 


. between Cepheus and Cassiopeia. 


(o) 1572 


J» 


. in Cassiopeia. 


Ip) 1578 


>» 


. * 


Iq) 1584 


» 


. in Scorpio. 


(r) 1600 


>» 


. in Cygnus. 


Is) 1604 


»» 


. in Ophiuchus. 



Milky Way, builds much on the remarkable passages of Aris- 
totle on the connexion of the tails of comets (the vapoury 
radiation from their nuclei with the galaxy to which I have 
already alluded. (Cosmos, vol. i. p. 88.) 

VOL. III. p 



210 C0SH08. 

(t) 1609 „ . . 

(«) 1670 „ . .in Vulpe». 

(v) 1848 ,» t .in Ophiuchus. 

EXFLANATOBY BEMABSS. 

(a) This star first appeared in Julj, 134 years before our 
era. We have taken it from the Chinese Records of Ma* 
tuan-lin, for the translation of which we are indebted to the 
learned linguist Edward Biot {Gonnaissance des Temps pour 
Van 1846, p. 61). Its place was between ß and p of Scorpio. 
Among the extraordinary foreign-looking stars of iJbese record», 
called also guest-stars, {Hoiles hStes, *'Ke-sing," strangers of a 
singular aspect,) which are distinguished by the observers 
from comets with tails, fixed new stars and advancing tail-less 
comets are certainly sometimes mixed up. But in the record 
of their motion (Ke-sing of 1092, 1181, and 1458), and in 
the absence of any such record, as also in the occasional 
addition, "the Ke-sing dissolved" (disappeared), there is 
contained, if not an infallible, yet a very important criterion. 
Besides, we must bear in mind that the light of the nu-- 
cleus of all comets, whether with or without tails, is dull, 
never scintillates, and exhibits only a mild radiance, while 
the luminous intensity of what the Chinese call extraor- 
dinary (stranger) stars, has been compared to that of 
Venus, — a circumstance totally at variance with the na- 
ture of comets in general, and especially of those with- 
out tails. The star which appeared in 134 b.c., under the 
old Han dynasty, may, as Sir John Herschel remarks, have 
been the new star of Hipparchus, which, according to the 
statement of Pliny, induced him to commence his catalogue 
of the stars. Delambre twice calls this statement a fiction, 
"une historiette." {Hist, de VAstr, anc, t. i. p. 290; and 
Hist, de VAstr, mod., t. i. p. 186.) Since, according to 
the express statement of Ptolemy {Almag. vii. p. 2, 13 
Halma)^ the catalogue of Hipparchus belongs to tilie year 
128 B.c., and Hipparchus (as I have already remarked else- 
where) carried on his observations in Rhodes (and perhaps 
also in Alexandria), from 162 to 127 B.c., there is nothing 
irreconcilable with this conjecture. It is very probable tkat 
the great Nicean astronomer had purtmed his observations £or 
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a considerable period before he oonceived the idea of forming 
a regular catalogue. The words of Pliny, "suo mrvo genita," 
apply to the whole term of his life. After the appearance 
of Tycho Brahe's star in 1572, it was much disputed whether 
the star of Hipparchus ought to be classed among new stars, or 
comets without tails. Tycho Brahe himself was of the former 
opinion (Fragymn,j pp. 319-325). The words ''ejusquemotu 
addubitationem adductus/' may undoubtedly lead to the 
supposition of a fetint, or altogether tail-less comet; but 
Pliny's rhetorical style admitted of such yagueness of ex- 
pression. 

(b) A Chinese obserration. It appeared in December, a.b. 
123, between a Herculis and a Ophiudbi. £d. Biot, from 
Ma-tuan-lin. (It is also asserted that a new star appeared in 
the reign of Hadrian, about A.D. 130.) 

(c) A singular and y^y large star. This also is taken 
from Ma-tuan-lin, as well as the three following ones. 

It appeared on the 10th of December, 173, between » 
and ß Centauri, and at the end of eight months disappeared, 
after exhibiting the five colours one after another. '' Success 
sivement ** is the tei^ employed by Ed. Biot in his trans-* 
lation. Such an expression would almost tend to suggest a 
series of colours similar to those in the aboye described 
star of Tycho Brahe ; but Sir John Herschel more correctly 
takes it to mean a coloured scintillation {Outlines, p. 563), and 
Arago interprets in the same way a nearly similar expression 
employed by Kepler when speaking dfthe new star (1604) in 
Ophiuchus. {Annuaire pour 1842, p. 347.) 

{d) This star was seen from March to August, 369. 

(e) Between 7< and f Sagittarii. In the Chinese Bec(^ 
it is expressly observed, " where the star remained (». e, 
without movement) from April to July, 386." 

(/) A new star, close to « Aquilee. In the year 389^, 
in the reign of the Emperor Honorius, it shone forth with 
the brilliancy of Venus, according to the statement of Cus- 
pinianus, who had himself seen it. It totally disappeared in 

about three weeks.* 

■ ' I ■ I ■■ I «■ 1 .1 1- III . .« . ■ ■ 

* Other accounts place the appearance in the year 388 
or 398. Jacques Cassmi, EUmens d* Astronomie, 1740 [Etoiles 
nouveUes), p. 5^. 

p2 
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(^) March, 393. This star was also in Scorpio, in the tail of 
that constellation. From the Records of Ma-tuan-lin. 

(Ä) The precise year ( 827 ) is doubtful. It may with 
more certainty be assigned to the first half of the ninth century, 
when in the reign of Caliph AlMamoim the two famous Arabian 
astronomers, Haly and Giafar Ben Mohammed Albumazar 
observed at Babylon a new star, whose light, according to 
their report, " equalled that of the moon in her quarters." 
This imtural phenomenon likewise occurred in Scorpio. The 
star disappeared after a period of four months. 

(t) The appearance of this star (which is said to have 
shone forth in the year 945, under Otho the Great), like 
that of 1264, is vouched for solely by the testimony of the 
Bohemian astronomer Cyprianus Leovitius, who asserts that 
he derived his statements concerning it from a manuscript 
chronicle. He also calls attention to the fact, that these two 
phenomena (that in 945 and that in 1264) took place between 
the constellations of Cepheus and Cassiopeia, close to the 
Milky Way, and near the spot where Tycho Brahe's star 
appeared in 1572. Tycho Brahe {Progym,, pp. 331 and 709) 
defends the credibility of Cyprianus Leovitius, against the 
attacks of Pontanus and Camerarius, who conjectured that the 
statements arose from a confusion of new stars with long- 
tailed comets. 

{k) According to the statement of Hepidannus, the monk 
of St. Gall (who died a.D. 1088, whose annals extend from 
the year a.d. 709 to 1044), a new star of unusual magnitude 
and of a brilliancy that dazzled the eye (oculos verberans), 
was, for three months, from the end of May in the year 1012, 
to be seen in the sputh, in the constellation of Aries. In 
a most singular manner it appeared to vary in size, and 
occasionally it could not be seen at all. " Nova Stella 
apparuit insolitsD magnitudinis, aspectu frdgurans et oculos 
verberans non sine terrore. Quee mirum in modum ali- 
quando contractior, aliquando difiusior, etiam extinguebatur 
interdum. Visa est autem per tres menses in intimis finibus 
Austri, ultra omnia signa quae videntur in coelo." (See Hepi- 
danni Annates breves y in Duchesne, Historus Francorum 
ScriptoreSj t. iii. 1641, p. 477. Compare also Schnurrer, 
Chronik der Seuchen, th. i. s. 201). To the manuscript made 
use of by Duchesne and Goldast, which assigns the pheno- 
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menon to the year 1012, modern historical criticism has, 
however, preferred another manuscript which, as compared 
with the former, exhibits many deviations in the dates, 
throwing them six years back. Thus, it places the appearance 
of this star in 1006. (See Annalse Sangallenses majores^ in 
Pertz, Monumenta Germanics historica Scriptorum, t. i. 1826, 
p. 81 .) Even the authenticity of the writings of Hepidannus 
has been called into question by modem critics. The singular 
phenomenon of variability has been termed by CJhladni the 
conflagration and extinction of a fixed star. Hmd {Notices of 
the Astron. Soc, vol. viii. 1848, p. 156) conjectures that 
this star of Hepidannus is identical with a new star, which 
is recorded in Ma-tuan-lin, as having been seen in China', 
in February, 1011, between o- and ^ of Sagittarius. But in 
that case there must be an error in Ma-tuan-lin, not only in 
the statement of the year, but also of the constellation in 
which the star appeared. 

(Z) Towards the end of July, 1203, in the tail of Scorpio. 
According to the Chinese Record, this new star was " of a 
bluish-white colour, without luminous vapour, and resembled 
Saturn." (Edouard Biot, in the Connaissance des Temps pour 
1846, p. 68.) 

(m) Another Chinese observation, from Ma-tuan-lin, whose 
astronomical records, containing an accurate account of the- 
positions of comets and fixed stars, go back to the year 613 
B.c., to the times of Thales and the expedition of Coloeus of 
Samos. This new star appeared in the ididdle of December, 
1230, between Ophiuchus and the Serpent. It dissolved 
towards the end of March, 1231. 

(7i) This is the star mentioned by the Bohemian astro- 
nomer, Cyprianus Leovitius (and referred to under the 9th' 
star, in the year 945). About the same time (July, 1264), a- 
great comet appeared, whose tail swept over one half of the 
heavens, and which, therefore, could not be mistaken for a 
new star suddenly appearing between Cepheus and Cas- 
siopeia. 

(o) This is Tycho Brahe's star of the 11th of November, 
1572, in the Chair of Cassiopeia, R. A. 3^ 26'; Decl. 63° 3' 
(for 1800). 

(jo) February, 1578. Taken from Ma-tuan-lin. The con- 
stellation is not given, but the intensity and radiation of the 
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light must have been extraordinary, since the Chinese Record 
appends the remark, '*a star as lainge as the sun ! " 

(q) On the Ist of July, 1684, not far from ir of Scorpio; 
also a Chinese observation. 

(r) According to Bayer, the star 34 of Cygnus. Wilhehn 
Jansen, the celebrated geographer, who for a time had been 
the dissociate of Tycho Brahe in his observaticms, was the first» 
as an inscription on his celestial globe testifies, to draw atten- 
tion to the new star in the breast of the Swan, near the 
beginning of the neck. Kepler, who, after the death of 
Tycho Brahe, was for some time prevented from carrying on 
any observations, both by his travels and want of instruments, 
did not observe it till two years later, and indeed (what is 
the more surprising, since tiie star was of the drd magni- 
tude) then first heard of its existence. He thus writes : — 
<^Cuin mense Maio, anni 1602, primum litteris monerer de 
novo Cygni phaenomeno." (Kepler, De Stella nova teriii 
honoris in Cygno^ 1606, which is appended to the work De 
Stella nova in Serpent, pp. 152, 154, 164, and 167.) In 
Kepler's treatise it is nowhere said (as we often find asserted 
in modem works) that this star of Cygnus upon its first 
appearance was of the 1st magnitude. Kepler even calls it 
'^ parva Cygni Stella,'' and speaks of it throughout as one of 
the drd magnitude. He determines its position in R. A. 
300° 46'; Decl. 36^52' (therefore for 1800: R. A. 302* 36'; 
Decl. -f 37** 27'). The star decreased in brilliancy, especially 
after the year 161 9, and vanished in 1621. IDominique 
Cassini (see Jacques Cassini, EUmens cPAstr,, p. 69) saw it, 
in 1655, again attain to the 3rd magnitude, and then dis- 
appear. Hevelius observed it again ia November, 1665, at 
first extremely small, then larger, but never attaining to the 
3rd magnitude. Between 1677 and 1682 it decreased to 
the 6th magnitude, and as such it has remained in the 
heavens. Sir John Herschel classes it among the variable 
stars, in which he difiBsrs from Argelander. 

{s) After the star of 1572 in Cassiopeia, the most famous 
of the new stars is that of 1604 in Ophiuchus (R. A. 259° 42'; 
and S. Decl. 21° 15', for 1800). With each of these stars a 
great name is associated. The star in the right foot of 
Ophiuchus was originally discovered, on the 1 0th of October, 
1604, not by Kepler himself, but by his pupil, the Bohemian 
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astroQoxoer, John Bronowski. It was larger than all stars of 
the first order, greater than Jupiter and Saturn, but smaller 
than Venus. Herlicius asserts that he had preyiously seen 
it on the 27th of September. Its brillianoy was less than 
that of the new star, discovered by Tycho Brahe in 1572. 
Moreover, imlike the latter, it was not (Uscemible in the day« 
time. But its scintillation was considerably greater, and 
especially excited the astonishment of all who saw it. As 
scintillation is always accompanied with dispersion of oolour» 
much has been said of its coloured, and continually changing 
light- Arago (Annttaire pour 1834, pp. 299-301, and JJim* 
pour 1842, pp. 345-347) has already ^lUed attention to thß 
£act that the star of Kepler did not by any means, like that 
of Tycbo Brahe, assmne, at certain long intervals, different 
colours, such as yellow, red, and then again white. Kepler 
says expressly that his star, as soon as it rose above the 
exhalations of the earth, was white. When he i^eaks of 
the colours of tbe rainbow, it is to convey a clear idea oi its 
coloured scintillation. His w<»rds are: '* Exemplo adamantiB 
multangidi, qui soHs radios inter convertendum ad spectan- 
tium oculos variabsU ftilgore revibraret^ colores Iridis (steUa 
nova in Ophiueho) successive vibratu con^nuo reciproeabat." 
(De nova SteUa Serpent^ pp. 5 and 125.) In the beginning 
of January, 1605, this star was even Inighter than Ajutares, 
but less luminous than Arcturus. By the aid of March in 
the same year, it was described aa being of the 3rd magni*. 
tude. Its proximity to the sun prevented all observation for 
four months. Between February and March, 1606, it totally 
disappeared. The inaccurate statements as to the great 
variations in tJbe positiou of the new stcur, advanced by 
6cipio Qaramontius and the geographer Blaew, are scarcely 
(as Jacques Cassini, EUmens d^Astr,, p. 65, long since 
observed) deserving of notice, since they have been refuted 
by Kepler's more trustworthy treatise. The Chinese Becord 
of Ma-tuan-lin mentions a phenomenon which exhibits some 
points of resemblance, as to time and po8iti<»i, with this 
sudden appearance of a new star in Ophiudius. On the 30th 
of September, 1604, there was seen in China a reddiA/- 
yellow ("ball-like?") star, not far from «• of Scorpio. It 
shone in the south*west till November of the same year, 
when it became invisil^. It re-appeared on ihb Häi i^ 
January, 1605, in the south-east; but its light became 
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slightly duller by March, 1606. {Oonnaissance des Temps pour 
1846, p. 59.) The locality, if of the Scorpion, might easily 
be confounded with the foot of Ophiuchus ; but the expres- 
sions south-west and south-east, its re-appearance, and the 
circumstance that its ultimate total disappearance is not 
mentioned, leave some doubts as to its identity. 

{f) This also is a new star of considerable magnitude and 
seen in the south-west. It is mentioned in Ma-tuan-Hn. No 
further particulars are recorded. 

(w) This is the new star discovered by the Carthusian monk 
Anthelmus on the 20th of June, 1670, in the head of Vulpes, 
(R. A. 294° 27' ; Decl. 26° 47',) and not far from ß Cygni. 
At its first appearance, it was not of the first, but merely 
of the 3rd magnitude, and on the 10th of August it 
diminished to the 5th. It disappeared after three months, 
but showed itself again on the 17th of March, 1671, when it 
was of the 4th magnitude. Dominique Cassini observed it 
very closely in April, 1671, and found its brightness very 
variable. The new star is reported to have regained its 
original splendour after ten months, but in February, 1672, it 
was looked for in vain. It did not re-appear until the 29th 
of March in the same year, and then only as a star of the 6th 
magnitude ; since that time it has never been observed. 
(Jacques Cassini, EUmens d'Astr,, pp. 69-71.) These 
phenomena induced Dominique Cassini to search for stars 
never before seen (by him !). He maintained, that he had 
discovered fourteen such stars of the 4th, 5th, and 6th 
magnitudes, (eight in Cassiopeia, two in Eridanus, and four 
near the North Pole). From the absence of any precise data 
as to their respective positions, and especially since, like 
those said to have been discovered by Maraldi between 1694 
and 1709, their existence is more than questionable, they 
cannot be introduced in our present list. (Jacques Cassini, 
JHUmens d'Astron,^ pp. 73-77; Delambre, Hist, de VAstr. 
, mod.^ t. ii. p. 780). 

(v) A hundred and seventy-eight years elapsed after the 
appearance of the new star in Vulpes without a similar 
phenomenon having occurred, although in this long interval 
the heavens were most carefully explored and its stars 
counted, by the aid of a more diligent use of telescopes 
and by comparison with more correct catalogues of the stars. 
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On the 28th of April, 1848, at Mr. Bishop's private observa- 
tory, (South Villa, Regent's Park,) Hind made the important 
discovery of a new reddish-yellow star of the 5th magnitude 
in Ophiuchus (R. A. 16° 50' 59"; S. Decl. 12« 39' 16", for 
1848). In the case of no other new star have the novelty of 
the phenomenon, and the invariability of its position, been 
demonstrated with greater precision. At the present time 
(1850) it is scarcely of the 11th magnitude, and according to 
Lichtenberger's accurate observations it will most likely soon 
disappear. (Notices of the Astr. Soc, vol. viii. pp. 146 and 
155-158.) 

The above list of new stars, which within the last two 
thousand years have suddenly appeared and again disappeared, 
is probably more complete than any before given, and may 
justify a few general remarks. We may distinguish three 
classes : new stars which suddenly shine forth and then after 
a longer or shorter time disappear ; stars whose brightness i» 
subject to a periodical variability which has been already 
determined ; and stai's, like u Argus, which suddenly exhibit 
an unusual increase of brilliancy, the variations of which 
are still undetermined. All these phenomena are, most 
probably, intrinsically related to each other. The new star 
in Cygnus (1600) which, after its total disappearance (ät 
least to the naked eye) again appeared and continued as a 
star of the 6th magnitude, leads us to infer the affinity of 
the two first kinds of celestial phenomena. The celebrated 
star discovered by Tycho Brahe in Cassiopeia in 1572 was 
considered, even while it was still shining, to be identical 
with the new star of 945 and 1264. The period of 300 
years which Goodricke conjectured, has been reduced by 
Keill and Pigott to 150 years. The partial intervals of the 
actual phenomena, which perhaps are not very numerically 
accurate, amount to 319 and 308 years. Arago* has pointed 
out the great improbability that Tycho Brahe's star of 1572 
belongs to those which are periodically variable. Nothing as 

^ Arago, Annuaire pour 1842, p. 332. 
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yet seems to justify us in regarding all new stars aa TftriaUe 
in long periods, which from their very l^igth hare remained 
unknown to us. If, for instance, the self-luminosity of all 
the suns of the firmament is the result of an eleotro^magnetic 
process in their photospheres, we may consider this proc^w 
of light as variable in many ways, without assuming any 
local or temporary condensations of the celestial ether ^ or any 
intervention of the so-called cosmical clouds» It may either 
occur only once or recur periodically, and either regularly or 
irregularly. The electrical processes of light on our earth, 
which manifest themselves either as thunder-storms in the 
regions of the air, or as polar effluxes, together with much 
apparently irregular variation, exHbit neverthelöss a certain 
periodicity dependent both on the seasons of the year and the 
hours of the day ; and this fa,ct is, indeed, frequently observed 
in the formation for several consecutive days, during per- 
fectly clear weather, of a small mass of clouds in particular 
r^ons of the sky, as is proved by the frequent failures in 
attempts to observe the culmination of stars. 

The circumstance that almost all these new stars burst 
forth at once with extreme brilliancy» as stars of the 1st 
magnitude, and even with still stronger scintillation, and that 
they do not appear, at least to the naked eye, to increase 
g;radually in brightness, is, in my opinion, a singular 
peculiarity, and one well deservii^ of consideration. Kepler* 
attached such weight to this criterion, that he refiited the 
idle pretension of Antonius Laurentinus Politianus, to having 
seen thd star in Ophiuchus (1604) before Bronowski, simply 
by the circumstance that Laurentinus had said — '* Apparuit 
nova Stella parva et postea de die in diem crescendo apparuit 
lumine non multo inferior Venere, superior Jove." There 
are only three stars which may be looked upon in the light 
of exceptions, that did not shine forth at once as of the 1st 

• Kepler, De Stella nova in pede Serp., p. 3. 
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magnitude; yiz. the star which appeared in Cygnns in 1600, 
and that in Vnlpes in 1670, which were both of the Srd, 
and Hindis new star in Ophiuchns in 1848, which is of the 
5th magnitude. 

It is much to be regretted, as we have already observed, 
that after the invention of the telescope in the long period 
of 178 years, only two new stars have been seen, whereas 
these phenomena have sometimes occurred in such rapid 
succession^ that at the end of the fourth century four 
were observed in twenty-four years ; in the thirteenth 
century, three in sixty-mie years; and during the era of 
Tycho Brahe and Kepler at the end of the sixteenth and 
beginning of the seventeenth centuries, no less than six were 
observed within a period of thirty-seven years. Throughout 
this examination I have kept in view the Chinese obser- 
vations of extraordinary stars, most of which, according to 
the opinion of the most eminent astronomers, are deserving 
of our confidence. Why it is that of the new stars seen in 
Europe, that of Kepler in Ophiuchus (1604) is in all pro- 
bability recorded in the records of Ma-tuan-lin, while that 
of Tycho in Cassiopeia (1572) is not noticed, I for my part 
am as little able to explain as I am to account for the 
fact, that no mention was made in the sixteenth century, 
among European astronomers, of the great limiinous pheno- 
menon which wa« observed in China in Felaruary, 1578. The 
difference of longitude (114**) could only in a few instances 
account for their not being visible. Whoever has been 
engaged in such investigations, must be well aware that the 
want of record either of political events or natural pheno- 
mena, either upon the earth or in the heavens, is not inva- 
riably a proof of their never having taken place ; and on com- 
paring together the three different catalogues which are given 
in Ma-tuan-lin, we actually find comets (those for instance of 
1385 and 1495), mentioned in one but omitted in the others. 
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Even the earlier astronomers (Tycho Brahe and Kepler), as 
well as the more modem (Sir John Herschel and Hind) have 
called attention to the fact that the great majority (four- 
fifths, I make it) of all the new stars described both in 
Europe and China, have appeared in the neighbourhood of 
or within the Milky Way. If that which gives so mild and 
nebulous a light to the annular starry strata of the Milky 
Way is, as is more than probable, a mere aggregation of small 
telescopic stars, Tycho Brahe's hypothesis, which we have 
already mentioned, of the formation of new, suddenly-shining 
fixed stars, by the globular condensation of celestial vapour, 
falls at once to the ground. What the iofluence of gravi- 
tation may be among the crowded strata and clusters of 
stars, supposing them to revolve round certain central 
nuclei, is a question not to be here determined, and belongs 
to the mythical part of Astrognosy. Of the twenty-one 
new stars enumerated in the above list, five (those of 134, 
393, 827, 1203, and 1584) appeared in Scorpio, three in 
Cassiopeia and Cepheus (945, 1264, 1572), and four in 
Ophiuchus (123, 1230, 1604, 1848). Once, however (1012), 
one was seen in Aries at a great distance from the Müky 
Way (the star seen by the monk of St. Gall). Kepler 
himself, who however considers as a new star that de- 
scribed by Fabricius, as suddenly shining in the neck of 
Cetus in the year 1596, and as disappearing in October of 
the satne year, likewise advances this position as a proof to 
the contrary. (Kepler, De Stella Nova Serp., p. 112.) Is it 
allowable to infer, from the frequent lighting up of such stars 
in the same constellations, that in certain regions of space — 
those, namely, where Cassiopeia and Scorpio are to be seen — 
the conditions of their illuminations are favoured by certain 
local relations? Do such stars as are peculiarly fitted for 
the explosive temporary processes of light, especially he in 
those directions ? 
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The stars whose luminosity was of the shortest duration, 
were those of 389, 827, and 1012. In the first of the above- 
named years, the luminosity continued only for three weeks ; 
in the second, four months ; in the third, three. On the other 
hand, Tycho Brahe's star in Cassiopeia continued to shine for 
seventeen months; while Kepler's star in Cygnus (1600) was 
visible fully twenty-one years before it totally disappeared. 
It was again seen in 1655, and still of the 3rd magnitude, 
as at its first appearance, and afterwards dwindled down to 
the 6th magnitude, without, however (according to Arge- 
lander's observations), being entitled to rank among pe- 
riodically variable stars. 

Stabs that have disappeabed. — ^The observation and 
enumeration of stars that have disappeared is of importance for 
discovering the great number of small planets which probably 
belong to our solar system. Notwithstanding, however, the 
great accuracy of the catalogued positions of telescopic fixed 
stars and of modem star-maps, the certainty of conviction that 
a star in the heavens has actually disappeared since a certain 
epoch can only be arrived at with great caution. Errors of 
actual observation, of reduction, and of the press,? often dis- 
figure the very best catalogues. The disappearance of a 

' On instances of stars which have not disappeared, see 
Argelander in Schumacher's Astronom, Nachr., no. 624, 
s. 371. To adduce an example from antiquity, I may point 
to the £act that the carelessness with which Aratus com- 
piled his poetical catalogue of the stars has led to the 
often-renewed question, whether Vega LyrsD is a new star 
or one which varies in long periods. For instance, Aratus 
asserts that the constellation of Lyra consists wholly of small 
stars. It is singular that Hipparchus, in his Commentary, 
does not notice this mistake, especially as he censures Aratus 
for his statements as to the relative intensity of light in 
the stars of Cassiopeia, and Ophiuchus. All this, however, 
is only accidental and not demonstrative; for when Ara- 
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heavenly body from the place in which it had before been 
distinctly seen, may be the restdt of its own motion as much 
as of any such diminution of its photometric process (whether 
on its surface or in its photosphere), as would render the 
waves of light too weak to excite our organs of sight. 
What we no longer see, is not necessarily annihilated. The 
idea of destruction or combustion, as appHed to disappearing 
stars, belongs to the age of Tycho Brahe. Even Pliny, 
in the fine passage where he is speaking of Hippar- 
chxis, makes it a question: Stell» an obirent nasceren- 
torve? The apparent eternal cosmical alternation of existence 
and destruction is not annihilation ; it is merely the transition 
of matter into new forms^ into combinations which are sub- 
ject to new processes. Dark cosmical bodies may by a 
renewed process of Hght again become luminous. 

Pebiodicallt tabiable Stabs. — Since all is in 
motion in the vault of heaven, and everything is variable 
both in space and time, we are led by analogy to infeor 
that as the fixed stars universally have not merely an appa« 
rent, but also a proper motion of their own, so their surfaces 
or luminous atmospheres are generally subject to those 
changes which recur, in the great majority, in extremely long 

tus also ascribes to Cygnus none but stars ^*of moderate 
brilliancy," Hipparchus expressly refutes this error, and 
adds the remark, that the bright star in the Swan (Deneb) 
is little inferior in brilliancy to Lyra (Vega Lyrce). Pto- 
lemy classes Vega among stars of the 1st magnitude, and 
in the Catasterisms of Eratosthenes (cap. 25), Vega is 
called Xcvxdi' xat Xa/ifrpoi'. Considering the many inaccuracies 
of a poet, who never himself observed the stars, one is 
not much disposed to give credit to the assertion that it was 
only between the years 272 and 127 b.c., t.c, between 
the times of Aratus and Hij^archus, that the star Vega 
LyrsB {Fidktda of Pliny, xviii. 25,) became a star of the 1st 
magnitude. 
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and therefore anmeaswed and probabl j undeternumMe periods, 
or which, in a few, occur without being periodical, as it were, 
by a sudden revolution, either for a shorter or for a longer 
time. The latter class of phenomena (of which a remarkable 
instance is famished in our own days by a large star in Aigo) 
will not be here disdused, as our proper subject is those 
fixed stars whose pmods have already hem investigated and 
ascertained. It is of importance here to make a distinc- 
tion between three great sidereal phenomena, whose ooo- 
nexion has not as yet been demonstrated; namely, variable 
stars of known periodicity; the instantaneous lighting up 
in the heavens of so-called new stars; and sudden changes 
in the luminosity of long-known fixed stars, which pre- 
viously shone with uniform intensity. We shall first of aU 
dwell exclusively on the first kind of variability ; of this the 
earliest instance accurately observed is furnished (1638) by 
Mira, a star in the neck of Cetus. The East-Friesland 
pastor, David Fabricius (the fiither of the discoverer of the 
spots on the sun), had certainly already observed this star 
on the 13th of August, 1596, as of the Srd magnitude, and 
in October of the same year he saw it disappear. But it 
was not untQ forty-two years afterwazds that the alternating, 
recurring variability of its Ught, and its periodic changes, 
were discovered by the Professor Johann Phocylides Holwarda, 
Professor of Francker. This discov^ was further followed 
in the same century by that of two other variable stars ß Persei 
(1669), described by Montanari, and x Cygm (1687) by Kirch. 
The irregularities which have been noticed in the periods, 
together with the additional number of stars of this class which 
have been discovered have, since the beginning of the nine- 
teenth century, awakened the most lively interest in this 
complicated group of phenomena. From the difiiculiy^ of 
the subject, and fix)m my own wish to be able to set 4own 
in the present work the numericat elements of this variabiiity 
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(as being the most important result of all observations), so 
&r as in the present state of the science they have been 
ascertained, I have availed myself of the Mendly aid of that 
astronomer who of all our contemporaries has devoted him- 
self with the greatest diligence, and with the most brilliant 
fsuccess, to the study of the periodically varying stars. The 
doubts and questions called forth by my own labours I con- 
fidently laid before my worthy friend Argelander, the director 
of the Observatory at Bonn ; and it is to his manuscript com- 
munications that I am solely indebted for all that follows, 
which for the most part has never before been published. 

The greater number of the variable stars, although not 
all, are of a red or reddish colour. Thus, for instance, 
"besides ß Fersei (Algol in the head of Medusa), ß Lyrse 
and € Aurigse have also a white light. The star tj AquilsB 
is rather yellowish ; so also in a still less degree is C Gemi- 
norum. The old assertion that some variable stars (and 
especially Mira Ceti) are redder when their brilliancy is 
on the wane than on the increase, seems to be groundless. 
Whether in the double star o HercuHs (in which, according to 
Sir John Herschel, the greater star is red, but according to 
Struve yellow, while its companion is said to be dark blue) 
the small companion, estimated at between the 5th to the 
7th magnitude, is itself also variable, appears very pro- 
blematical. Struve® himself merely says, Suspicor minorem 
esse variahilem. Variability is by no means a necessary 

® Compare Madler, Astr,, s. 438, note 12, with Struve 
Stellarum compos, mensurce microm. pp. 97 and 98, star 2140. 
" I believe," says Argelander, " it is extremely difficult with 
a telescope having a great power of illumination to estimate 
rightly the brightness of two such different stars as the 
two components of o HercuKs. My experience is strongly 
against the variability of the compamon; for during my many 
observations in the day-time with the telescopes of the 
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concomitant of redness. There are many red stars : some of 
them very red — as Arcturus and Aldebaran — ^in which, how- 
ever, no variability has as yet been discovered. And it is 
also more than doubtful in the case of a star of Cepheus 
(No. 7582 of the catalogue of the British Association), 
which, on account of its extreme redness, has been called 
by William Herschel the Garnet Star (1782). 

It would be difficult to indicate the number of periodically 
variable stars for the reason that the periods abready deter- 
mined are all irregular and imcertain, even if there were no 
other reasons. The two variable stars of Pegasus, as well as 
a Hydree, e Aurigee, and a Cassiopeise, have not the certainty 
that belongs to Mira Ceti, Algol, and B Cephei. In inserting 
them, therefore, in a table, much will depend on the degree 
of certainty we are disposed to be content with. Argelander, 
as will be seen from the table at the close of this investiga- 
tion, reckons the number of satisfactorily determined periods 
at only twenty-four.* 

The phenomenon of variability is found not only both in 
red, and in some white stars, but also in stars of the most 
diversified magnitude ; as, for example, in a star of the 1st 
magnitude, a Orionis ; by Mira Ceti, o Hydiaj, « CassiopeiaB, 
and ß Pegasi, of the 2nd magnitude ; ß Persei, of the 2' 3rd 
magnitude ; and in rj Aquilse, and Lyrse, of the 3 '4th mag- 
nitude. There are also variable stars, and indeed in fer 
greater nimibers, of the 6tli to the 9th magnitude ; such as 

meridian circles of Abo, Helsingfors, and Bonn, I have never 
seen a Herculis single, which would assuredly have been the 
case if the companion at its minimum were of the seventh 
magnitude. I believe the latter to be constant, and of the 
5th or 5-6th magnitude. 

• Madler's Table {Astron.^ s. 435) contains eighteen stars, 
with widely differing numerical elements. Sir John Herschel 
enumerates more than forty- five, including those mentioned 
m the notes. Outlines, § 819-826. 

YOL. III. Q 
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the variabiles Coronse, Virginis, Cancri, et Aquarii. Tlie star 
X Ps^gni likewise presents very great fluctuatioiis at its maximum. 
That the periods of the variable stars are very irregular 
has been long known; but that this variability, with all its 
apparent irregularity, is subject to certain definite laws, 
was first established by Argelander. This he hopes to be 
able to demonstrate in a longer and independent treatise of 
his own. In the case of x Cygni he considers that two pertur- 
bations in the period — the one of 100, the other of 8^— are 
more probable than a single period of 108. Whether such 
disturbances arise from changes in the process of light which 
IB goiug on in the atmosphere of the star itself, or from the 
periodic times of some planet which revolves round the 
fixed star or sun x ^7^h and by attraction influences the 
form of its photosphere, is still a doubtfrd question. The 
greatest irregularity in change of intensity has unquestionably 
been exhibited by the variabilis Scuti (Sobieski's shield). 
For this star diminishes, from the 5 •4th, down to the 9th 
magnitude ; and moreover, according to Pigott, it once totally 
disappeared at the end of the last century. At other times 
the fluctuations in its brightness have been only from the 
6* 5th to the 6th magnitude. The maximum of the variations 
of X Oyg'^ have been between the 6* 7th and 4th magnitude ; 
of Mira, from the 4th to the 2*1 st magnitude. On the other 
hand, in the duration of its periods d Cephei shows an ex- 
traordinary, and indeed of all variable stars the greatest 
regularity, as is proved by the 87 minima observed between 
the 10th of October, 1840, and 8th of January, 1848, and 
even later. In the case of e AurigaB, the variation of its 
brilliancy discovered by that indefatigable observer, Heis, 
of Aix-la-Chapelle,*° extends only from the 3'4th to the 4'5th 
magnitude. 

^ Argelander, in Schumacher's Astron, Nachr. , bd. xxvi. 
(1848), no. 624, s. 369. 
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A great difference in the maximum of brightness is exhibited 
by Mira Ceti. In the year 1 779, for instance (on the 6th of 
Noyember), Mira was only a little dimmer than Aldebar^, and 
indeed not unfrequently brighter than stars of the 2nd mag- 
nitude; whereas at other times this variable star scarcely 
attained to the intensity of the light of d Ceti, which is of the 
4th magnitude. Its mean brightness is equal to that of y Ceti 
(3rd magnitude). If we designate by the brightness of the 
faintest star visible to the naked eye, and that of Aldeba- 
ran by 50, then Mira has varied in its maximum from 20 to 
47. Its probable brightness may be expressed by 30 : it is 
oftener below than above this limit. The measure of its 
excess, however, when it does occur, is in proportion more 
considerable. No certain period of these oscillations has as 
yet been discovered. There are however indications of a 
period of 40 years, and another of 160. 

The periods of variation in different stars vary as 1 : 250. 
The shortest period is unquestionably that exhibited by ß 
Fersei, being 68 hours and 49 minutes; so long at least as 
that of the polar star is not established at less than two 
days. Next to ß Persei come S Cephei (5d. 8h. 49m.), 
j; AquilaB (7d. 4h. l^n.), and f Geminorum (lOd. 3h. 35m.). 
The longest periods are those of 30 Hydrae Hevelii, 495 days; 
X Cygni, 406 days; Variabilis Aquarii, 388 days; Serpentis 
S, 367 days ; and Mira Ceti, 332 days. In several of the vari- 
able stars it is well established that they increase in brilliancy 
more rapidly than they diminish. This phenomenon is the 
most remarkable in d Cephei. Others, as for instance ß 
Lyrse, have an equal period of augmentation and diminutim 
of light. Occasionally, indeed, a difference is observed in this 
respect in the same stars, though at different epochs in their 
process of light. Generally Mira Ceti (as also 3 Cephei) is 
more rapid in its augmentation than in its dinfilliutioa; but 

in the former the contrary has also been observed. 

02 
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Periods toithin periods have been distinctly observed in 
the case of Algol, of Mira Ceti, of ß Lyr», and with great 
probability also in x Cygni. The decrease of the period of 
Algol is now unquestioned. Goodricke was unable to per- 
ceive it, but Argclander has since done so ; in the year 1842 
he was enabled to compare more than 100 trustworthy 
observations (comprising 7600 periods), of which the ex- 
tremes differed from each other more than 58 years. (Schu- 
macher's Astron, Nachr., nos. 472 and 624.) The decrease 
in the period is becoming more and more observable.^^ For 
the periods of the maximum of Mira (including the maximum 
of brightness observed by Fabricius in 1596), a formula" 

" " If," says Argelander, " I take for the epoch the 
minimum brightness of Algol, in 1800, on the Ist of January, 
at IS*" 1" mean Paris time, I obtain the duration of the 
periods for : — 

— 1987 . . 2^ 20^ 48", or 59»-416 ± 0'-316 
-1406 .. „ 58-737 ± 0»094 

— 825 .. „ 58-393 ± 0'175 
+ 751 .. „ 58»-154 ± 0-039 
+ 2328 .. „ 58'-193 ± 0'096 
+ 3885.. „ ö7'-971 ± 0--045 
+ 5441 .. „ 55'182 ± 0-.348 

"^ In this table the numbers have the following signification :-— 
Äf we designate the minimum epoch of the 1st of Jan. 1800, 
by 0, that immediately preceding by — 1, and Jhat immediately 
following by + 1, and so on, then the duratioi^ between — 1987 
and — 1986 would be exactly 2* 20»^ 48" 59-416, but the 
duration between + 5441 and + 5442 would be 2* 20^ 48~ 
55«'182; the former applies to the year 1784, the latter to 
the year 1842. 

" The nimibers which follow the signs ± are the probable 
errors. That the diminution becomes more and more rapid, 
itf shown as well by the last number as by all my observations 

since 1847." 

" Argelander's formula for representing all observations 
of the maxima of Mira Ceti is, as commimicated by himself, 
as follows : — 
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has been established by Argelander, from which all the 
maxima can be so deduced that the probable error in a long 
period of variability, extending to 331 d. 8h. does not in the 
mean exceed 7 days, while, on the hypothesis of an uniform 
period, it would be 15 days. 

The double maximimi and minimum of ß Lyra?, in each 
of its periods of nearly 13 days, was from the first correctly 
ascertained by its discoverer, Goodricke (1784); but it has 
been placed still more beyond doubt" by very recent obser- 
vations. It is remarkable that this star attains to the same 
brightness in both its maxima ; but in its principal minimimi 
it is about half a magnitude fainter than in the other. Since 
the discovery of the variability of ß Lyr®, the period in a 
period has probably been on the increase. At first the vari- 
ability was more rapid, then it became gradually slower; and 
this decrease in the length of time reached its limit between 

1751 Sep. 9-76 + 331^3363 E. 
+ W5, sin. (VV°E + 86° 23') + 18*^-2, sin. (f|°E + 231°42') 
+ 33*^-9, sin. (f|^ E + 170° 19') + 65^-3, sin. (ff° E + 6° 37') 

where E represents the number of maxima which have oc- 
curred since Sept. 9, 1751, and the co-ejB5cients are given 
in days. Therefore, for the current year (E being = 109), 
the following is the maximimi : — 

1751 Sep. 9-76 + 36115^-65 + 8^4 — 12^-24. 
+ 18*^-59 + 27^-34 = 1850 Sep. 8^-54. ^ 

" The strongest evidence in favour of this formula is, that it 
represents even the maximum of 1596, ( Cosmos, vol. ii. p. 713,) 
which, on the supposition of a uniform period, would deviate 
more than 100 days. However, the laws of the variation of 
the light of this star appear so complicated, that in joar- 
tzcular cases — e, g, for the accurately observed maximum 
of 1840 — the formula was wrong by many days (nearly 
twenty-five)." 

" Compare Argelander's essay written on the occasion of 
the centenary jubilee of the Königsberg University, and en- 
titled. De Stella ß Lyrce Variabilis 1844. 
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the years 1840 and 1844. During that time its period was 
nearly invariable ; at present it is again decidedly on the de- 
crease. Something similar to the double maximimi of ß LyrsB 
occurs in B Cephei. There is a tendency to a second maximum, 
in so far as its diminution of light does not proceed uniformly ; 
but after having been for some time tolerably rapid, it comes 
to a stand, or at least exhibits a very inconsiderable diminu- 
tion which suddenly becomes rapid again. In some stars it 
would almost appear as though the light were prevented from 
fully attaining a second maximum. In x Cygni it is very 
probable that two periods of variability prevail,— a longer one 
of 100 years, and a shorter one of 8^. 

The question whether, on the whole, there is greater 
regularity in variable stars of very short than in those of 
very long periods, is difficult to answer. The variations from 
an imiform period can only be taken relatively ; «. e. in parts of 
the period itself. To commence with long periods, x ^^^h 
Mira Ceti, and 30 Hydrse, must first of all be considered. In 
X Cygni, on the supposition of a uniform variability, the 
deviations from a period of 406-0634 days, (which is the 
most probable period,) amount to 39*4 days. Even though a 
portion of these deviations may be owing to errors of 
observation, still at least 29 or 30 days remain beyond doubt; 
i. e. one-fourteenth of the whole period. In the case of 
Mira Ceti,** in a period of 331*340 days, the deviations 
amount to 55*5 days, even if we do not reckon the 
observations of David Fabricius. If, allowing for errors of 
observation, we limit the estimate to 40 days, we still obtain 
one-eighth ; consequently, as compared with x Cygni, nearly 

" The work of Jacques Cassini {Elemens cP Astronomie^ 
1740, pp. 66-69), belongs to the earliest systematic attempts 
to investigate the mean duration of the period of the variatian 
of Mira Ceti. 
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twice as great a deyiation. In the ease of 30 Hydree, which 
has a period of 495 days, it is still greater, probably one-fifth. 
It is only daring the last few years (since 1840, and still 
later) that the variable stars with very short periods have 
been observed steadily, and with sufficient accuracy ; so that 
the problem in question, when applied to them, is still more 
difficult of solution. From the observations, however, which 
have as yet been taken, less considerable deviations seem to 
occur. In the case of n AquilsB (with a period of 7d. 4h.) 
they only amount to one-sixteenth or one-seventeenth of the 
whole period; in that of ß Lyrse (period 12d. 21h.) to one 
twenty-seventh or one-thirtieth; but the inquiry is still 
exposed to much imcertainty as regards the comparison of 
long and short periods. Of ß LyraB between 1700 and 1800 
periods have been observed; of Mira Ceti, 279; of x 
Cygni, only 145. 

The question that has been mooted, whether stars which 
have long appeared to be variable in regular periods, ever 
cease to be so, must apparently be answered in the negative. 
As among the constantly variable stars there are some which 
at one time exhibit a very great, and at another a very small 
degree of variability, (as, for instance, variabilis Scuti,) so« 
it seems, there are also others whose variability is at certain 
times so very slight, that, with our limited means, we are 
unable to detect it. To such belongs variabilis Coronse bor. 
(No. 5236 in the Catalogue of the British Association), 
recognized as variable by Pigott, who observed it for a 
considerable time. In the winter of 1795-6 this star became 
totally invisible; subsequently it again appeared, and the 
variations of its light were observed by Koch. In 1817, 
Harding and Westphal found that its brightness was nearly 
constant, while in 1824 Olbers was again enabled to perceive 
a variation in its luminosity. Its constancy now again 
returned, and from August, 1843, to September, 1845, wa» 
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established by Argelander. At the end of September, a fi*esh 
diminution of its light commenced. By October, the star 
was no longer visible in the comet-seeker, but it appeared 
again in February, 1846, and by the beginning of June had 
reached its usual magnitude (the 6th). Since then it has 
maintained this magnitude, if we overlook some small 
fluctuations whose very existence has not been established 
with certainty. To this enigmatical class of stars belong 
also variabilis Aquarii, and probably Jansen and Kepler's 
star in Cygnus of 1600, which we have already mentioned 
among the new stars. 
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EXFLAKATOBY BEMABKS. 

The in the column of the minima indicates that the 
star is then fainter than the 10th magnitude. For the 
purpose of clearly and conveniently designating the smaller 
variahle stars, which for the most part have neither names 
nor other designations, I have allowed myself to append to 
them capitals, since the letters of the Greek and the smaller 
Latin alphabet have, for the most part, been already employed 
by Bayer. 

Besides the stars adduced in the preceding table, there 
are almost as many more which are supposed to be variable, 
since their magnitudes are set down differently by different 
observers. But as these estimates were merely occasional, 
and have not been conducted with much precision, and as 
different astronomers have different principles in estimating 
magnitudes, it seems the safer course not to notice any such 
cases, until the same observer shall have foimd a decided 
variation in them at different times. With all those adduced 
in the table this is the case ; and the fact of their periodical 
change of light is quite established, even where the period 
itself has not been ascertained. The periods given in the 
table are founded, for the most part, on my own examination 
of all the earlier observations that have been published, and 
on my own observations within the last ten years, which have 
not as yet been published. Exceptions will be mentioned in 
the following notices of the several stars. 

In these notices the positions are those for 1850, and are 
expressed in right ascension and declination. The frequently 
repeated term gradation indicates a difference of brightness, 
which may be distinctly recognized even by the naked eye, or 
in the case of those stars which are invisible to the unaided 
sight, by a Frauenhofer's comet-seeker of twenty-five and 
a-half inches focal length. For the brighter stars above the 
6th magnitude, a gradation indicates about the tenth part 
of the difference by which the successive orders of mag- 
nitude differ from one another; for the smaller stars the 
usual classifications of magnitude are considerably closer. 

(1) Ceti, R. A. 32« 57', Decl. —3« 40' ; also called Mira, 
on account of the wonderful change of light which was first 
observed in this star. As early as the latter half of the 
seventeenth century, the periodicity of this star was recog- 
nized, and Bouillaud fixed the duration of its period at 33^ 
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days; it was found, however, at the same time, that this dura- 
tion was sometimes longer, and sometimes shorter, and that 
^ the star at its greatest brilliancy apipeared sometimes brighter, 
and sometimes fainter. This has he&OL subsequently ftdly 
confirmed. Whether the star ever becomes perfectly invisible 
is as yet undecided; at one time, at the epoch of its minimum 
it has been observed of the 11th or 1 2th magnitude, at another, 
it could not be seen even with the aid of a three or a four- 
feet telescope. This much is certain, that for a long period 
it is fainter than stars of the lOih magnitude. But few ob- 
servations of the star at this stage have as yet b^n taken ; 
most having commenced when it had begun to be visible 
to the naked eye as a star of the 6th magnitude. From this 
period the star increases in brightness at first with great 
rapidity, afterwards more slowly, and at last, with a scarcely 
perceptible augmentation ; then again, it diminishes at first 
»lowly, afterwards rapidly. On a mean the period of aug- 
mentation of light from the 6th magnitude extends to 50 days; 
that of its decrease down to the same d^ree of brightness 
takes 69 days; so that the star is visible to the naked eye for 
about four months. However, this is only the mean duration 
of its visibility; occasionally it has lasted as Icmg as five 
months, whereas, at other times it has not been visible for 
more than three. In the same way, also, the duration both 
of the augmentation and of the diminution of its light is 
subject to great fluctuations, and the former is at all times 
slower than the latter: as, for instance, in the year 1840, 
when the star took sixty-two da}^» to arrive at its greatest 
brightness, and then in forty-nine days became invisible to 
the naked eye. The shortest period of increase that has as 
yet been observed took place in 1679, and lasted only thirty 
days; the longest (of sixty-seven days) occurred in 1709. 
The decrease of light lasted the longest in 1839, being then 
ninety-one days; tiie shortest in the year 1660, when it was 
completed in nearly fifty-two dajs. Occasi(mally, the star 
at the period of its greatest brightness exhibits for a whole 
month together scarcely any perceptible variation ; at others, 
a difference may be observed within a very few days. On 
some occasions after the star had decreased in brightness for 
several weeks there was a period of perfect cessation ; or, at 
least, a scarcely perceptible diminution of light during several 
days: this was the case za 167& and in 1847. 
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The maximum brightness, as abready remarked, is by no 
means always the same. If we indicate the brightness of the 
faintest star that is visiblie to the naked eye by 0, and that of 
Aldebaran, (a Tanri,) a star of the 1st magnitude, by 50, 
then the maximum of light of Mira fluctuates between 20 
and 47, i, e. between the In-ightness of a star of the 4th, and 
of the 1st or 2nd magnitude : the mean brightness is 28, or 
that of the star y Ceti. But the duration of its periods is 
still more irregular: its mean is 33 Id. 20h., while its fluc- 
tuations have extended to a month; for the shortest time 
that ever elapsed from one maximum to the next was only 
306 days, the longest on the other hand 367 days. These 
irregularities become the more remarkable, when we compare 
the several occurrences of greatest brightness with those which 
would take place if we were to calculate these maxima on 
the hypothesis of an uniform period. The difference between 
calculation and observation then amounts to 50 days, and 
it appears, that for seveitd years in succession those differ- 
ences are nearly the same, and in the same direction. This 
evidently indicates that the disturbance in the phenomena 
of light is one of a very long period. More accurate cal- 
culations, however, have proved that the supposition of one 
disturbance is not sufficient, and that several must be 
assumed, which may, however, all arise from the same cause; 
one of these recurs after 11 single periods; a second, after 88; 
a third, after 1 76 ; and a fourth, after 264. From hence arises 
the formula of sines (given at p. 228, note 12), with which, 
indeed, the several maxima very nearly accord, although 
deviations still exist which cannot be explained by errors of 
observation. 

(2) ß Persei, Algol; R. A. 44*» 36', Bed. + 40'' 22'. 
Although Qeminiano Montanari observed the variability of 
this star in 1667, and Maraldi likewise noticed it, it was 
Goodricke that first, in 1782, discovered the regularity of the 
variability. The cause of this is probably that this star does 
not, like most other variable ones, gradually increase and 
diminish in brightness, but for 2d. 13h. shines imiformly as a 
star of the 2* 3rd magnitude, and only appears less bright for 
7 or 8 hours, when it sinks to the 4th magnitude. The. 
augmentation and diminution of its brightness are not quite 
regular; but when near to the minimum, they proceed with 
greater rapidity; whence the time of least brightness may 
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be accurately calculated to within 10 to 15 minutes. It is 
moreover remarkable that this star, after having increased 
in light for about an hour, remains for nearly the same 
period at the same brightness, and then begins once more per. 
ceptibly to increase. Till very recently the duration of the 
period was held to be perfectly uniform, and Wurm was able 
to present all observations pretty closely, by assuming it to 
be 2d. 2 Ih. 48m. Ö8^s. However, a more accurate calcuktion, 
in which was comprehended a space of time nearly twice 
as long as that at Wurm's command, has shown that the 
period becomes gradually shorter. In the year 1 784, it was 
2d. 20h. 48m. 59-48., and in the year 1842, only 2d. 20h. 
48m. 55 -28. Moreover, from the most recent observations 
it becomes very probable that this diminution of the period 
is at present proceeding more rapidly than before, so that 
for this star also a formula of sines, for the disturbance of 
its period, will in time be obtained. Besides, this diminu- 
tion will be accoimted for, if we assume that Algol comes 
nearer to us by about 2000 miles every year, or recedes from 
us thus far less each succeeding year ; for in that case his 
light would reach us as much sooner every year, as the de- 
crease of the period reqidres; «. e. about the twelve thou- 
sandth of a second. If this be the true cause, a formula of 
sines must eventually be deduced. 

(3) X Cygni, R. A. 296° 12', Decl. +32° 32'. This star 
also exhibits nearly the same irregularities as Mira. The 
deviations of the observed maxima from those calculated for 
a imiform period amount to 40 days, but ai-e considerably 
diminished by the introduction of a disturbance of Si single 
periods, and of another of 100 such periods. In its maximum 
this star reaches the mean brightness of a faint 5th magni- 
tude, or one gradation brighter than the star 17 Cygni. 
The fluctuations, however, are in this case also very consi- 
derable, and have been observed from 13 gradations below 
the mean to 10 above it. At this lowest maximum the star 
would be perfectly invisible to the naked eye, whereas, on the 
contrary, in the year 1847, it could be seen without the aid 
of a telescope for fully 97 days; its mean visibility extends 
to 52 days, of which, on the mean, it is 20 days on the 
increase, and 32 on the decrease. 

(4) 30 Hydra) HeveUi, R. A. 200° 23', Decl. — 22° 30'. Of 
this star, which, from its position in the heavens, is only 
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visible for a short time during every year, all that can be said 
is, that both its period and its maximum brightness are sub^ 
jeet to very great irregularities. 

(5) Leonis R, = 420 Mayeri ; R. A. 144° 52', Decl. 
+ 12" T, This star is often confounded with 18 and 19 
Leonis, which are close to it; and in consequence has been 
very little observed ; sufficiently, however, to show that the 
period is somewhat irregular. Its brightness at the maximum 
seems also to fluctuate through some gradations. 

(6) 9} Aquilse, called also « Antinoi; R. A. 296° 12', Decl. 
+ 0° 37'. The period of this star is tolerably uniform, 
7d. 4h. 13m. 53s.; observations, however, prove that at 
long intervals of time trifling fluctuations occur in it, not 
amounting to more than 20 seconds. The variation of light 
proceeds so regularly, that up to the present time no devia- 
tions have been discovered which could not be accounted 
for by errors of observation. In its minimum, this star is 
one gradation fainter than i Aquilse; at first it increases 
slowly, then more rapidly, and afterwards again more slowly ; 
and in 2d. 9h. from its minimum, attains to its greatest 
brightness, in which it is nearly three gradations brighter 
thsm ß, but two fainter than ^ Aquilee. From the maximimi 
its brightness does not diminish quite so regularly; for when 
the star has reached the brightness of ß {u e, in Id. lOh. after 
the maximum), it changes more slowly than either before or 
afterwards. 

(7) ß LyrsB, R. A. 28P 8', Decl. + 33° 11'; a star 
remarkable from the fact of its having two maxima and two 
minima. When it has been at its faintest light, one-third 
of a gradation fainter than ^Lyrse, it rises in 3d. oh. to its first 
maximum, in which it remains three-fourths of a gradation 
fainter than y Lyrse. It then sinks in 3d. 3h. to its second 
minimum, in which its light is about five gradations greater 
than that of C After 3d. 2h. more, it again reaches, in its 
second maximum, to the brightness of the first ; and afterwards, 
in 3d. 12h., declines once more to its greatest faintness; so 
that, in 12d. 21h. 46m. 40s. it runs through all its variations 
of light. This duration of the period, however, only applies 
to the years 1840 to 1844 ; previously it had been shorter — 
in the year 1784, by about 2|h. ; in 1817 and 1818, by more 
than an hour ; and, at present, a shortening of it is again 
clearly perceptible. There is therefore no doubt that in the 
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case of this star the disturbance of its period may be expressed 
by a formula of sines. 

(8) ^ Cephei, R. A. 335° 54', Decl. + 57° 39^. Of aU the 
known variable stars, this exhibits in every respect the greatest 
regularity. The period of 5d. 8h. 47m. 39^. is given by 
all the observations from 1784 to the present day, allowing 
for errors of observation, which wül account for all the slight 
differences exhibited in the course of the alternations of 
light. This star is in its minimum three-quarters of a 
gradation brighter than i ; in its maximiun, it resembles / of 
the same constellation (Cepheus). It takes Id. 15h. to pass 
from the former to the Latter ; but, on the other hand, more 
than double that time, viz. 3d. 18h. to change again to its 
TYiiniTmiTn : during eight hours of the latter period, however, 
it scarcely changes at all, and very inconsiderably for a whole 
day. 

(9) a Herculis, R. A. 256° 57', Decl. + 14° 34'; an ex- 
tremely red double star, the variation of whose light is in every 
respect very irregular. Frequently, its light scarcely changes 
for months together ; at other times, in the maximum, it is 
nearly five gradations brighter than in the minimum; 
consequently, the period also is still veiy imcertain. The dis- 
coverer of the star's variation had assumed it to be sixty-three 
days. I at first set it down at ninety-five, until a careful 
reduction of all my observations made during seven years at 
length gave me the period assigned in the text. Heis believes 
that he can represent all the observations by assuming a 
period of 184*9 days, with two maxima and two minima. 

(10) CoronaB R, R. A. 235° 36', Decl. + 28° 37'. This 
star is variable only at times : the period set down has been 
calculated by Koch from his own observations, which unfortu- 
nately have been lost. 

(11) Scuti R, R. A. 279° 52', Decl. — 5° 51'. The varia- 
tions of biightness of this star are at times confined within a 
very few gradations, whereas at others it diminishes from the 
5th to the 9th magnitude. It has been too little observed to 
determine when any fixel rule prevails in these deviations. 
The duration of the period is also subject to consideraMe 
fluctuations. 

(12) VirginisR, R. A. 187° 48', Decl. + 7° 49'. It main- 
tains its period and its maximum brightness with tolerable 
regularity ; some deviations, liowevei% do occur, which appear 
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to me too consideFable to be ascribed merely to errors of 
observation. 

(13) Aquarii R, R. A. 354° 11', Decl. — 16° 6'. 

(14) Serpentis R, R. A. 235° 57', Decl. + 15° 36'. 

(15) Serpentis S, R. A. 228° 40', Decl. -{- 14° 52'. 

(16) Cancri R, R. A. 122° 6', Decl. + 12° 9'. 

Of these four stars, which have been but very slightly ob- 
served, little more can be said than what is given in the table. 

(17) a Cassiopeise, R. A. 8° 0', Decl. -f 55° 43'. This star 
is very difficult to observe. The difference between its 
maximum and minimum only amounts to a few gradations, 
and is, moreover, as variable as the duration of the period. 
This circumstance explains the varpng statements on this 
head. That which I have given, which satisfactorily repre- 
sents the observations from 1782 to 1849, appears to me the 
most probable one. 

(18) « Orionis, R. A. 86° 46', Decl. + 7° 22'. The varia- 
tion in the light of this star likewise amounts to only four 
gradations from the minimum to the maximum. For 91^ 
days it increases in brightness, while its diminution extends 
over 1041, and is imperceptible from the twentieth to the 
seventieth day after the maximum. Occasionally its varia- 
bility is scarcely noticeable. It is a very red star. 

(19) a Hydree, R. A. 140° 3', Decl. — 8° 1'. Of aU the 
variable stars, this is the most difficult to observe, and its 
period is still altogether imcertain. Sir John Herschel sets it 
down at from twenty-nine to thirty days. 

(20) lAurigse, R. A. 72° 48', Decl. + 43° 36'. The 
alternation of light in this star is either extremely irregular, or 
else, in a period of several years, there are several maxima and 
minima — a question which cannot be decided for many years. 

(21) f Geminorum, R. A. 108° 48', Decl. + 20^ 47'. 
This star has hitherto exhibited a perfectly regidar course in 
the variations of its light. Its brightness at its minimum keeps 
the mean between » and v of the same constellation ; in the 
maximum it does not quite reach that of X. It takes 4d. 21h. 
to attain its frill brightness, and 5d. 6h. for its diminution. 

(22) ß Pegasi, R. A. 344° 7', Decl. -f 27° 16'. Its period 
is pretty well ascertained, but as to the course of its variation 
of light nothing can as yet be asserted. 

(23) Pegasi R, R. A. 344° 47', Decl. -h 9° 43'. 
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(24) Cancri S, R. A. 128^ 50', Decl. + 19*» 34[. 
Of these two stars, nothing at present can be said. 

Bonny Augusty 1850. Fb. Asgelakdeb. 

Yabiation op Light in Stabs whose Pebiodicity is 
XJnascebtained. — In the scientific investigation of important 
natural phenomena, either in the terrestrial or in the side- 
real sphere of the Cosmos, it is imprudent to connect toge- 
ther, without due consideration, subjects which, as regards 
their proximate causes, are still involved in obscurity. On 
this account we are careful to distinguish stars which have 
appeared and again totally disappeared (as in the star in Cas- 
siopeia, 1572); — stars which have newly appeared and not 
s^ain disappeared (as that in Cygnus, 1600); — variable stars 
with ascertained periods (Mira Ceti, Algol) ; and stars whose 
intensity of light varies, of whose variation, however, the 
periodicity is as yet unascertained (as n Argus). It is by no 
means improbable, but still does not necessarily follow that 
these four kinds of phenomena" have perfectly similar causes 
in the photospheres of those remote suns, or in the nature of 
their surfaces. 

As we commenced our account of new stars with the most 



" Newton {Phtlos, Nat. Prindpia mathem.y ed. Le Seur 
et Jacquier, 1760, tom. iii. p. 671) distinguishes only two 
kinds of these sidereal phenomena. " SteUse fixae quae per 
vices apparent et evanescunt, quseque paulatim crescunt, 
videntur revolvendo partem lucidam et partem obscuram per 
vices ostendere." The fixed stars which alternately appear 
and vanish and which gradually increase, appear by turns to 
show an illuminated and a dark side. This explanation of 
the variation of light had been still earlier advanced by 
Biccioli. With respect to the caution necessary in predi- 
cating periodicity, see the valuable remarks of Sir John Her- 
schcl, in his Observations at the Cajpe, § 261. 
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remarkable of this class of celestial phenomena — the sudden 
appearance of Tycho Brahe's star — so, influenced by similar 
considerations, we shall begin our statements concerning the 
variable stars whose periods have not yet been ascertained, 
with the unperiodicaJ fluctuations in the light of u Argus, which 
to the present day are still observable. This star is situated 
in the great and magnificent constellation of the Ship, " the 
glory of the southern skies." Halley, as long ago as 1677, on 
his return from his voyage to St. Helena, expressed strong 
doubts concerning the alternation of light in the stars of Argo, 
especially on the shield of the prow and on the deck (aoTriblcrKrf 
and KardoTpoifm), whose relative orders of magnitude had been 
given by Ptolemy.^* However, in consequence of the little 
reliance that can be placed on» the positions of the stars as set 
down by the ancients, of the various readings in the several 
MSS. of the Almagest, and of the vague estimates of inten- 
sity of light, these doubts failed to lead to any result. Accord- 
ing to Halley 's observation in 1677, 17 Argus was of the 4tli 
magnitude; and by 1751, it was already of the 2nd, as ob- 
serv^ed by Lacaille. The star must have afterwards retiu-ned 
to its fainter light, for Burchell, during his residence in 
Southern Africa, from 1811 to 1815, found it of the 4th 
magnitude; from 1822 to 1826, it was of the 2nd, as seen 
by Fallows and Brisbane; in February, 1827, Burchell, who 
happened at that time to be at San Paolo, in Brazil, found 
it of the 1st magnitude, perfectly equal to a Ciucis. After 
a year, the star returned to the 2nd magnitude. It was of 
this magnitude when Burchell saw it on the 29th of Febru- 
ary, 1828, in the Brazilian town of Goyaz; and it is thus 
set down by Johnson and Taylor, in their catalogues for the 
period between 1829 and 1833. Sir John Herschel also, at 

" Delambre, Hist, de V Astron. ancienne, tom. ii. p. 280, 
and Hist, de V Astron. au 18/emc Siede, p. 119. 

VOL. Ill, B 
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the Cape of Good Hope, estimated it as being between the 
2nd and 1st magnitude, from 1884 to 1887. 

When, on the 16th of December, 1837, this famous astro- 
nomer was preparing to take the photometric measurements 
of the innumerable telescopic stars, between the 11th and 
16th magnitudes, which compose the splendid nebula around 
Tf Argus, he was astonished to find this star, which had so often 
before been observed, increase to such intensity of light that 
it almost equalled the brightness of a Centauri, and exceeded 
that of all other stars of the 1st magnitude, except Canopus 
and Sinus. By the 2nd of January, 1888, it had for that 
time reached the maximum of its brightness. It soon became 
fainter than Arcturus; but in the middle of April, 1838, it 
stiU surpassed Aldebaran. Up to March, 1843, it continued 
to diminish, but was even then a star of the 1st magnitude ; 
after that time, and especially in April, 1843, it began to 
increase so much in light, that, according to the obser- 
vations of Mackay at Calcutta, and Madear at the Cape, 
rj Arg lis became more brilliant than Canopus, and almost 
equal to Sirius.^' This intensity of light was continued 
almost up to the beginning of the present year (1850). 
A distinguished observer, Lieutenant Gilliss, who com- 
mands the Astronomical Expedition sent by the Govern- 
ment of the United States to the Coast of Chili, writes 
from Santiago, in February, 1850: " r} Argus, with its 
yellowish-red light, which is darker than that of Mars, is 
at present next in brilliancy to Canopus, and is brighter 
than the united light of a, Centauri." ^^ Since the appearance 



" Compare Sir John HerscheVs Observations at the Cape, 
§71-78 ; and Outlines o/Astron., § 830 ((7o«mo«,vol.i.p. 144). 

*® Letter of Lieutenant Gilliss, astronomer of the Observa- 
tory at Washington, to Dr. Flügel, Consul of the United 
States of North America at Leipsic (in manuscript). The 
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of the new stars in Ophiuchus in 1604, no fixed star has 
attained to such an intensity of light, and for so long a 
period — ^now nearly seven years. In the 173 years (from 
1677 to 1850) during which we have reports of the magnitude 
of this beautiful star in Argo, it has undergone from eight to 
nine oscillations in the augmentation and diminution of its 
light. As an incitement to astronomers to continue their 
observations on the phenomenon of a great but imperiodical 
variability in rj Argüö, it was fortunate that its appearance 
was coincident with the famous five years* expedition of Sir 
John Herschei to the Cape. 

In the case of several other stars, both isolated and double, 
observed by Struve {Stellarum compos. Mensur ce Microm,, 
pp. Ixxi.-lxxiii.) similar variations of light have been no- 
ticed, which have not as yet been ascertained to be periodical. 
The instances which we shall content ourselves with adducing, 
are founded on actual photometrical estimations and calcu- 
lations made by the same astronomer at different times, and 
not on the alphabetical series of Bayer's Uranometry. In 
his treatise De ßde Uranometria Bayeriante, 1842, (p. 15,) 
Argelander has satisfactorily shown that Bayer did not by 
any means follow the plan of designating the brightest stars 
by the first letters of the alphabet ; but that, on the contrary, 
he arranged the letters by which he designated stars of equal 
magnitude according to the positions of the stars in a con- 
stellation, beginning usually at the head, and proceeding, in 
regular order, down to the feet. The order of letters in 

cloudless purity and transparency of the atmosphere, which 
last for eight months, at Santiago, in Chili, are so great, that 
Lieutenant Gilliss, (with the ßrst great telescope ever con- 
structed in America, having a diameter of 7 inches, con- 
structed by Henry Fitz of New York, and William Young of 
Philadelphia), was able clearly to recognize the sixth star in 
the trapezium of Orion. 

e2 
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^ iK^ A^M talb» ys^f: 5& 4( ^VTUjaK. 3L O&ir Gesnnnnrxza. 

«Ail Ä A^^&d^yl *A Hj4n^ 

Mf^rvt^.f M WZ^f awl 5!Scr J«:^ HeaeaeL 's« 

OaH^ *ft4 Ifck» ^Ä«r to ÜÄ toczje co n grafa fic fre^ V^tsr pcr- 
*<i*t ^fm^mt00Pk fA Catp^vla acd V*^a- Tis* l&ser fi»ds Tega 
\^m**iu fp »nd 6 j^ndaitioas coiM c qoeatiT more tlna half a 
HM^Hii^f tb/^ tadttU^ of the two. 

71i^ tMrMu/M in thfe ligfct of tome gtai» in the coBrtyTbtimis 
//f lb« (ht^nU^ andiAihe hemer Bear are desetrii^ of c^iedal 
ttifiunf, ** The MUar n Unee majoris,'' sajrs Sir John Herschel, 
** \n at ytirHtsnt eertsuniy the moat bnlliant of the seven bright 
«tar» in th« Great Bear, although, in 1837, • unquestionably 
ittthi th<; firffi place among them/' This remark induced me 
iff (tontniH llei«, who so zealously and carefully occupies 
hlmnalt with the Tariability of stellar light. ''The follow- 
ifij;/' ho writes, ** is the order of magnitude which results 
from my observations, carried on at Aix-la-Chapelle between 
1842 und 1850: 1. t Ursce majoris, or Alioth; 2. a, or 
Dubhc; 3. d, orBcnctnasch; 4. d, orMizar; 5. ß; 6.7; 7. ^ 
Tito tltrco stars, i, a, and «}, of this group arc nearly equal 
iti bi'ig;1itness, so that the slightest want of clearness in the 
iittnosphore might render their orde}* doubtful; ( is decidedly 
fainter than the three before mentioned. The two stars ß 
nnd y, (both of which are decidedly duller than ^ are nearly 
vi\\u\\ to each other ; lastly ^, which in ancient maps is usually 



*• Sir John Herschel {Observations at the Cape, pfp. SS4, 
«U10« note 1, and 440). For older observations of Capdla aad 
Vojyu, 800 AVillinm Herschel, in the Philos. Transact^ 179L 
p. a07, 1799, p. 121; nnd Bode s Jahrhtich fur 1810, sl 141 
Arp^t^lundcr, on the other hand, advances many 
to tho %*nriation of Capella and of the stars of the 
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set down as of the same magnitude with ß and 7, is by 
more than a magnitude fainter than these ; i is decidedly 
variable. Although in general this star is blighter, I have 
nevertheless in three years observed it on five occasions 
to be undoubtedly fainter than «. I also consider ß Urs© 
majoris to be variable, though I am unable to give any fixed 
periods. In the years 1840 and 1841, Sir John Hcrschel 
found ß UrssB minoris much brighter than the Polar star; 
whereas still earlier, in May, 1846, the contrary was ob- 
served by him. He also conjectures ß to be variable.^ 
Since 1843, I have, as a rule, found Polaris fainter than ß 
TJrssD minoris; but from October, 1843, to July, 1849, Polaris 
was, according to my registers, 14 times brighter than ß. 
I have had frequent opportunities of convincing myself that 
the colour of the last-named star is not always equally red ; 
it is at times more or less yellow, at others most decidedly 
red.*' ^* All the pains and labour spent in determining the 
relative brightness, of the stars will never attain any certain 
result until the arrangement of their magnitudes firom mere 
estimation shall have given place to methods of measurement 
founded on the progress of modem optical science.** The 
possibility of attaining such an object need not be despaired 
of by astronomers and physicists. 

The probably great physical similarity in the process of 

^ Observations at the Cape, § 259, note 260. 

*^ Heis, in his Manuscript Notices of May ^ 1850; also 
Observations at the Gape^ p. 325; and P. von Boguslawski, 
Uranus for 1848, p. 186. The asserted variation of«, «, and ^ 
Ursa) maj. is also confirmed in Outlines, p. 559. See Mädler, 
Asir., p. 432. On the succession of the stars which, from 
their proximity, will in time mark the north pole, imtil, after 
the lapse of 12000 years, Vega, the brightest of all possible 
polar stars, will take their place. 

^ Cosmos, vide supra, p. 128. 
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Bayer's Uranometria has long led to a belief that a chanjje 
of light has taken place in » Aquilae, in Castor Geminonuli, 
and in Alphard of Hydra. 

Struve, in 1838, and Sir John Herschel, observed Capella 
increase in light. The latter now finds Capella much brighter 
than Vega, though he had always before considered it fainter.*' 
Galle and Heis come to the same conclusion, from their pre- 
sent comparison of Capella and Vega. The latter finds Vega 
between 5 and 6 gradations, consequently more than half a 
magnitude, the fainter of the two. 

The variations in the light of some stars in the constellations 
of the Greater and of the Lesser Bear are deserving of especial 
notice. " The star u Ursaj majoris," says Sir John Herschel, 
" is at prei^ent certainly the most brilliant of the seven bright 
stars in the Great Bear, although, in 1837, i unquestionably 
held the first place among them.'* This remark induced me 
to consult Heis, who so zealously and carefully occupies 
himself with the variability of stellar light. " The follow- 
ing,** he writes, *' is the order of magnitude which results 
from my observations, carried on at Aix-la-Chapelle between 
1842 and 1850: 1. i Ursse majoris, or Alioth ; 2. a, or 
Dubhe; 3. », or Benetnasch ; 4. Ö, orMizar; 5. /3; 6. y; 7. ^. 
The three stars, «, a, and «j, of this group are nearly equal 
in brightness, so that the slightest want of clearness in the 
atmosphere might render their ordei* doubtful; f is decidedly 
fainter than the three before mentioned. The two stars ß 
and y, (both of which are decidedly duller than (^ are nearly 
equal to each other ; lastly ^, which in ancient maps is usually 

" Sir John Herschel {Observations at the Cape, pp. 334, 
350, note 1, and 440). For older observations of Capella and 
Vega, see William Herschel, in the Philos. 'Transact,, 1797, 
p. 307, 1799, p. 121; and Bode's Jahrbuch für 1810, s. 148. 
Argelander, on the other hand, advances many doubts as 
to the variation of Capella and of the stars of tlie Bear. 
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set down as of tlie same magnitude with ß and y, is by 
more than a magnitude fainter than these ; i is decidedly 
variable. Although in general this star is blighter, I have 
nevertheless in three years observed it on five occasions 
to be undoubtedly fainter than a. I also consider ß Ursa) 
majoris to be variable, though I am unable to give any üxed 
periods. In the years 1840 and 1841, Sir John Hcrschel 
found ß Ursaj minoris much brighter than the Polar star; 
whereas still earlier, in May, 1846, the contrary was ob- 
served by him. He also conjectures ß to be variable.^ 
Since 1843, I have, as a rule, found Polaris fainter than ß 
Ursoe minoris; but from October, 1843, to July, 1849, Polaris 
was, according to my registers, 14 times brighter than ß, 
I have had frequent opportunities of convincing myself that 
the colour of the last-named star is not always equally red ; 
it is at times more or less yellow, at others most decidedly 
red."^^ All the pains and labour spent in determining the 
relative brightness, of the stars will never attain any certain 
result until the arrangement of their magnitudes from mere 
estimation shall have given place to methods of measurement 
founded on the progress of modem optical science.^ The 
possibility of attaining such an object need not be despaired 
of by astronomers and physicists. 

The probably great physical similarity in the process of 

^ Ohservaiions at the Cape^ § 259, note 260. 

*^ Heis, in his Manuscript Notices of May ^ 1850; also 
Ohservaiions at the Cape^ p. 325; and P. von Boguslawski. 
Uranus for 1848, p. 186. The asserted variation of >», a, and ^ 
Ursa) maj. is also confirmed in Outlines, p. 559. See Mädler, 
Astr., p. 432. On the succession of the stars which, from 
their proximity, will in time mark the north pole, until, after 
the lapse of 12000 years, Vega, the brightest of all possible 
polar stars, will take their place. 

^ Cosmosy vide supra, p. 128. 
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light in all self-luminous stars (in the central body of our own 
planetary system, and in the distant suns or fixed stars) has 
long and justly directed attention to the importance^ and 
significance which attach to the periodical or non-periodical 
variation in the light of the stars in reference to clima- 
tology generally; — ^to the history of the atmosphere, or 
the varying temperature which our planet has derived in 
the course of thousands of years from the radiation of the 
sun; — with the condition of organic life, and its forms of 
development in different degrees of latitude. The variable 
star in the neck of the Whale (Mira Ceti) changes from 
the 2nd magnitude to the 11th, and sometimes vanishes 
altogether; we have seen that 17 Argus has increased from 
the 4th to the 1st magnitude, and among the stars of this 
class has attained to the brilliancy of Canopus, and almost to 
that of Sirius. Supposing that our own sun has passed 
through only a very few of these variations in intensity 
of light and heat, either in an increasing or decreasing 
ratio, (and why should it differ from other sims?) such a 
change, such a weakening or augmentation of its light-pro- 
cess, may account for far greater and more fearful residts 
for our own planet than any required for the explanation of 
all geognostic relations, and ancient telluric revolutions. 
William Herschel and Laplace were the first to agitate these 
views. If I have dwelt upon them somewhat at length, it is 
not because I would seek exclusively in these the solution of 
the great problem of the changes of temperature in our earth. 
The primitive high temperature of this planet at its forma- 
tion, and the solidification of conglomerating matter — ^the 

" William Herschel, On the Changes that happen to the 
Fixed Stars, in the PA»7o«. Transact, for 1796, p. 186. Sir 
John Herschel in the Observations at the Gape^ pp. 350-352 ; 
as also in Mrs. Somerville's excellent work, Cotmexion of the 
Physical Sciences, 1846, p. 407. 
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radiation of Leat from the deeper strata of tlie earth through 
open fissures, and through unfilled veins — ^the greater power 
of electric currents — a very different distribution of sea and 
land; — may also, in the earliest epochs of the earth's 
'existence, have rendered the diffusion of heat independent of 
latitude ; that is to say, of position relatively to a central 
body. Cosmical considerations must not be limited merely 
to astrognostic relations. 
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PEOPEB MOTION OF THE FIXED STABS. — PROBLEMATICAL 

EXISTENCE OF DABK COSMICAL BODIES. PABALLAX. 

MEA8UBED DISTANCES OF SOME OF THE FIXED STABS. 

DOUBTS AS TO THE ASSUMPTION OF A CENTBAL BODY 

FOB THE WHOLE SIDEBEAL HEATENS. 

The .heaven of the fixed stars, in contradiction to its very 
name, exhibits, not only changes in the intensity of light, 
but also further variation from the perpetual motion of the 
individual stars. Allusion has already been made to the 
fact that, without disturbing the equilibrium of the star- 
systems, no fixed point is to be found in the whole heavens, 
«nd that of all the bright stars observed by the earliest of the 
Oreek astronomers, not one has kept its place imchanged. In 
the case of Arcturus, of fi Cassiopeise, and of a double star in 
Cygnus, this chaDge of position has, by the accumulation 
of their annual proper motion during 2000 years, amounted 
respectively to 2^, 3^, and 6 moon's diameters. In the 
course of 3000 years about twenty fixed stars will have 
changed their places by 1® and upwards.^ Since the proper 
motions of the fixed stars rise from -jö^^ of a second to 
7*7 seconds (and consequently difier, at the least, in the 
ratio of 1: 154), the relative distances also of the fixed stars 

* Encke, Betrachtungen über die Anordnung des Stem-. 
ti/stemsy s. 12. Vide supra, p. 30. Mädler, Astr,, s. 445. 
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from each other, and the configuration of the constellations 
themselves, cannot in long periods remain the same. The 
Southern Cross 'will not always shine in the heavens exactly 
in its present form ; for the four stars of which it consists 
move with unequal velocity in different paths. How many 
thousand years will elapse before its total dissolution, cannot 
be calculated. In the relations of space and the duration of 
time, no absolute idea can be attached to the terms great and 
small. 

In order to comprehend imder one general point of view the 
changes that take place in the heavens, and all the modifications 
which in the course of centuries occur in the physiognomic 
character of the vault of heaven, or in the aspect of the firma- 
ment from any particular spot, we must reckon as the active 
oai^ses of this change: (1), the precession of the equinoxes 
and the nutation of the earth's axis, by the combined opera- 
tion of which new stars appear above the horizon, and others 
become invisible; (2), the periodical and non-periodical varia- 
tions in the brightness of many of the fixed stars ; (3), the 
sudden appearance of new stars, of which a few have 
continued to shine in the heavens; (4), the revolution of 
telescopic double stare round a common centre of gravity. 
Among these so-called fixed stars which change slowly and 
unequally both in the intensity of their light and in their 
position, twenty principal planets move in a more rapid 
course, ^y^ of them being accompanied by twenty satellites. 
Besides the innumerable, but undoubtedly rotatory fixed 
stars, forty moving planetary bodies have up to this time 
(October, 1850) been discovered. In the time of Copernicus 
and of Tycho Brahe, the great improver of the science of 
observation, only seven were known. Nearly two hundred 
comets, ^\e of which have short periods of revolution and are 
interior, or, in other words, are inclosed within those of the 
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principal planets, stiU remain to be mentioned in our list of 
planetary bodies. Next to the actual planets and the new 
cosmical bodies which shine forth suddenly as stars of the 
1st magnitude, the comets, when, during their usually brief 
appearance they are visible to the naked eye, contribute the 
most vivid animation to the rich picture — ^I had almost said 
the impressive landscape-^o^ the starry heavens. 

The knowledge of the proper motion of the fixed stars 
is closely connected historically with the progress of the 
science of observation through the improfement of instru- 
ments and methods. The discovery of this motion was first 
rendered practicable when the telescope was combined with 
gradiuited instruments; when from the accuracy of within a 
nunute of an arc (which after much pains Tycho Brahe first 
succeeded in giving to his observations on the Island of Hven) 
astronomers gradually advanced to the accuracy of a second 
and the parts of a second ; — and when it became possible to 
compare with one another results separated by a long series of 
years. Such a comparison was made by HaUey with respect to 
the positions of Sirius, Arcturus, and Aldebaran, as determined 
by Ptolemy in his Hipparchian catalogue, 1844 years before. 
By this comparison he considered himself justified (1717) in 
announcing the fact of a proper motion in the three above- 
named fixed stars.' The high and well-merited attention 
which, long subsequent even to the observations of Flamstead 
and Bradley, was paid to the table of right ascensions con- 
tained in the Triduum of Homer, stimulated Tobias Mayer 
(1756), Maskelyne (1770), and Piazzi (1800), to compare 

» Halley, in the Phihs. Transact, for 1717-1719, vol. xxi^. 
p. 736. The essay, however, referred solely to variations 
in latitude. Jacques Cassini was the first to add varia- 
tions in longitude. (Arago, in the Annuaire pour 1842« 
p. 387.) 
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Römer's observations with more recent ones.^ The proper 
motion of the stars was in some degree recognized as a general 
fact, even in the middle of the last centmy ; but for the more 
precise and numerical determination of this class of pheho- 
mena we are indebted to the great work of William Herschel 
in 1783, founded on the observations of Flamstead,* and still ' 
more to Bessel and Argelander's successful comparison of 
Bradley's "Positions 'of the Stars for 1755" with recent 
catalogues. 

The discovery of the proper motion of the fixed stars has 
proved of so much the greater importance to physical astro- 
nomy, as it has led to a knowledge of the motion of our own 
solar system through the star-filled realms of space, and, 
indeed, to an accurate knowledge of the direction of this 
motion. We should never have become acquainted with this 
fact, if the proper progressive motion of the fixed stars were 
so small as to elude all our measurements. The zealous 
attempts to investigate this motion, both in its quantity and 
its direction, to determine the parallax of the fixed stars, 
and their distances, have, by leading to the improvement and • 
perfection of arc-graduation and optical instruments in 
connexion with micrometric appliances, contributed more 
than anything else to raise the science of observation to the 
height which, by the ingenious employment of great meridian.- 
circles, refractors, and heliometers, it has attained, especially 
since the year 1 830. 

The quantity of the measured proper motions of the stars , 
varies, as we intimated at the commencement of the pre- 
sent section, from the twentieth part of a second almost to 
eight seconds. The more luminous stars have in general ' 
a slower motion than stars from the 5th to the 6th and 

* Delambre, Hist de r Astron, moderne, t. ii. p. 658. 
Also in Hist, de r Astron. au 18^c stiele, p. 448. 

* Philos. Transact., vol. Ixxiii. p. 138. 
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7th magnitudes.' Seven stars have revealed an unusually 
great motion, namely : — ^Arcturus, 1st magnitude (2"-25) ; 
a Centauri, 1st magnitude (3"*58) ;' /x Cassiopeia, 6th mag- 
nitude (3'" 74) ; the double star, ^ Eridani, 5*4 magnitude 
(4"-08); the double star 61 Cygni, 5-6 magnitude, (5"-123), 
* discovered by Bessel in 1812, by means of a comparison with 
Bradley's observations; a star in the confines of the Canes 
Venatici,' and the Great Bear, No. 1830 of the catalogue of 
the circumpolar stars by Groombridge, 7th magnitude (ac- 
cording to Argelander, 6"*974); i Indi (7"*74, according to 
D' Arrest);« 2151 Puppis, 6th magnitude (7"-871). The 
arithmetical* mean of the several proper motions of the fixed 
stars in all the zones into which the sidereal sphere has been 
divided by Mädler, would scarcely exceed 0"'102. 

An important inquiry into the " Variability of the proper 
motions of Procyon and Sirius," in the year 1844, a short 

* Bessel, in the Jahrbuch von Schumacher für 18ü9, s. 38.* 
Arago, Annuaire pour 1842, p. 389. 

' a Centam-i, see Henderson and Maclear, in the Memoirs 
of the Astron. Soc, vol. xi. p. 61 ; and Piazzi Smyth, in the 
Edinburgh Transact., vol. xvi. p. 447. The proper motion 
of Arcturus, 2"-25 (Baily,inthe same Memoirs, vol. v. p. 165), 
considered as that of a very bright star, may be called very 
largein comparison with Aldebaran, 0"- 185 (Mädler, Central- 
sonne, s. 11), and a LyraD, 0"-400. Among the stars of the 
1st magnitude, » Centauri, with its great proper motion of 
3"'58, forms a very remarkable exception. The proper motion 
of the binary system of Cygnus amounts, according to Bessel 
(Schum. Ast7\ Nachr., bd. xvi. s. 93), to 5"-123. 

' Schumacher s Astr. Nachr., no. 455. 

® Op cit., no. 618, s. 276. D'Arest founds this result on 
compai-isons of Lacaille (1750) with Brisbane (1825), and of 
Brisbane with Taylor (1836). The star 2151, Puppis, has a 
proper motion of 7"*871, and is of the 6th magnitude. 
(Maclear, in Mädler's Unters, über die Fixstern-Systeme^ th. 
ii. s. 5.) 

• Schum. Astr, Nachr,, no. 661, s. 201. 
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time, therefore, before the beginning of his last and painful 
illness, led Bessel, the greatest astronomer of our time, to the 
conviction ** that stars whose variable motion becomes appa- 
rent by means of the most perfect instruments, are parts of 
systems confined to veiy limited spaces in proportion to their 
great distances from one another." This belief in the exis- 
tence of double stars, one of which is devoid of light, was so 
firmly fixed in Bessel's mind, as my long correspondence with 
him testifies, that it excited the most universal attention, 
partly on his account, and partly from the great interest 
which independently attaches itself to every enlargement of 
our knowledge of the physical constitution of the sidereal 
heavens. " The attracting body," this celebrated observer 
remarked, " must be very near cither to the fixed star which 
reveals the observed change of position, or to the sun. As, 
however, the presence of no attracting body of considerable 
mass at a very small distance from the sun, has yet been 
perceived in the motions of our own planetary system, we are 
brought back to the supposition of its fiery small distance from 
a star, as the only tenable explanation of that change in the 
proper motion which, in the course of a century, becomes 
appreciable."^® In a letter (dated July, 1844) in answer to 
one in which I had jocularly expressed my anxiety regard- 
ing the spectral world of dark stars, he writes: "At all 
events, I continue in the belief that Procyon and Sirius are 
true double stars, consisting of a visible and an invisible star. 
No reason exists for considering luminosity an essential pro- 
perty of these bodies. The fact that nimiberless stars are 
visible, is evidently no proof against the existence of an 
equally incalculable number of invisible ones. The physical 
difficulty of a change in the proper motion, is satisfactorily 
set aside by the hypothesis of dark stars. No blame attaches 

*® Schum. Astr, Nachr,, nos. 514-516. 
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to the simple supposition that the change of velocity only- 
takes place in consequence of the action of a force, and that 
forces act in obedience to the Newtonian laws." 

A year after Bessel's death, Fuss, at Struve*s suggestion, 
renewed the investigation of the anomalies of Procyon and 
Sirius, partly with new observations with Ertel's meridian- 
telescope at Pulkowa, and partly with reductions of, and 
comparisons with, earlier observations. The result, in the 
opinion of Struve and Fuss" proved adverse to Bessel's 
assertion. A laborious investigation which Peters has now 
completed at Königsberg, on the other hand, justifies it; as 
does also a similar one advanced by Schubert, the calculator 
for the North American Nautical Almanack, 

The belief in the existence of non-luminous stars was 
difi^ed even among the ancient Greeks, and especially in 
the earliest ages of Christianity. It was assumed that 
among the fiery stars which are nourished by the celestial 
vapours, there revolve certain other earthlike bodies, which, 
however, remain invisible to us."" The total extinction of 
new stars, especially of those so carefully observed by Tycho 
Brahe and Kepler in Cassiopeia and Ophiuchus, appears to 
corroborate this opinion. Since it was at the time conjec- 
tured that the first of these stars had already twice appeared, 
and that too at intervals of nearly 300 years, the idea of 
annihilation and total extinction naturally gained little or 
no credit. The immortal author of the M^caniqtw Celeste bases 
his conviction of the existence of non-luminous masses in the 
Universe on these same phenomena of 1572 and 1604; 
'' These stars that have become invisible after having sur- 
passed the brilliancy of Jupiter, have not changed their place 

^^ Struve, Ettides d'Astr. stellaire, Texte, p. 47, Notes, pp. 
26, and 51-57 ; Sir John Hersohel, OutL, § 859 and 860. 
^ Origen, in Gronov» Thesaur,, t. x. p. 271. 
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during the time of their being visible ." (The luminous pro- 
cess in them has simply ceased.) " There exist therefore in 
celestial space dark bodies of equal magnitudes, and probably 
in as great numbers as the stars." " So also Madler, in his 
Untersuchungen über die Fixstern-Systeme, says : ^*-^" A dark 
body might be a central body ; it might, like our own sun, 
be surrounded in its immediate neighbourhood only by dark 
bodies like our planets. The motions of Sirius and Procyon, 
pointed out by Bessel, force us to the assumption that there 
are cases where luminous bodies form the satellites of dark 
masses." " It has been already remarked that the advocates 
of the emanation theory consider these masses as both invisible, 
and also as radiating light: invisible, since they are of such 
huge dimensions that the rays of light emitted by them (the 
molecules of light) being impeded by the force of attraction, 
are unable to pass beyond a certain limit." If, as may 
well be assumed, there exist, in the regions of space, dark 
invisible bodies in which the process of light-producing 
vibration does not take place, these dark bodies cannot fall 
within the sphere of our own planetary and cometary system, 
or at all events their mass can only be very small, since 
their existence is not revealed to us by any appreciable 
disturbances. 

The inquiry into the quantity and direction of the motion of 
the fixed stars, (both of the true motion proper to them, and 
also of their apparent motion, produced by the change in the 
place of observation, as the earth moves in its orbit,) the 

^^ Laplace, Expos, du St/st. du Monde, 1824, p. 395. 
Lambert, in his Kosmologische Briefe, shows remarkable ten- 
dency to adopt the hypothesis of large dark bodies. 

" Madler, Untersuch, über die Fixstern- Systeme, \h,i\, (1848), 
s. 3 ; and his Astronomy, s. 416. 

" Cosmos, vol. iii. p. 117 and note ; Laplace, in Zach's 
Ally. Geogr. Ephem,, bd, iv. s. 1 ; Madler, Astr,y s. 393. 
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xUtenmnation of the distances of the fixed stars £rom the 
sun, by ascertaining their parallax; and the conjecture as to 
the part in universal space towards which our planetary system 
is moving — are three problems in astronomy, which, through 
the means of observation ahready successfully employed in 
their partial solution, are closely connected with each other. 
Every improvement in the instruments and methods which 
have been used for the furtherance of any one of these difficult 
and complicated problems, has been beneficial to the others. 
I prefer commencing with the parallaxes and the determination 
of the distances of certain fixed stars, to complete that which 
especially relates to our present knowledge of isolated fixed 
stars. 

As early as the beginning of the seventeenth century, 
Galileo had suggested the idea of measuring the " certainly 
very unequal distances of the fixed stars from the solar 
system," and indeed with great ingenuity, was the first to 
point out the means of discovering the parallax: not by 
determining the stars* distance from the zenith or the pole, 
" but by the careful comparison of one star with another 
very near it." He gives, in very general terms, an account 
of the micrometrical method, which William Herschel, 
(1781,) Struve, and Bessel subsequently made use of. 
" Perche io non credo," says Galileo,^' in his third dialogue 
(Giomata terza), "che tutte le stelle siano sparse in una 
sferica superficie egualmente distanti da un centra ; ma stimo, 
che le loro lontananze da noi siano talmente varie, che 
alcune ve ne possano esser 2 e 3 volte piü remote di alcune 
altre; talche quando si trovasse col telescopic qualche piccio- 
lissima stella vicinissima ad alcuna delle maggiori^ e che 

" Opere di Galileo Galilei, vol. xii. Milano, 1811, p. 20G. 
Ulis remarkable passage, which expresses the possibility and 
the project of a measurement, was pointed out by Arago ; 
see his Annuaire pour 1842, p. 382. 
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per6 quella fusse altissima, potrebhe accadere che qualche sen* 
Sibil mutazione succedesse tra di loroy "Wherefore I do 
not believe," says Galileo, in his third discourse (Giomata 
terza), "that all the stars are scattered over a spherical 
superficies, at eqtial distances from a common centre; but I am 
of. opinion that their distances from us are so various that 
some of them may be two or three times as remote as 
others, so that when some minute star is discovered by 
the telescope close to one of the larger, and yet the 
former is highest, it may be that some sensible change 
might take place among them." The introduction of the 
Copemican system imposed, as it were, the necessity of nume- 
rically determining, by means of measurement, the change 
of direction occasioned in the position of the fixed stars by 
the earth's semi-annual change of place in its course round 
the sun. Tycho Brahe's angular determinations, of which 
Kepler so successfully availed himself, do not manifest any 
perceptible change arising from parallax in the apparent posi- 
tions of the fixed stars, although, as I have already stated, 
they are accurate to a minute of the arc. For this the 
Copemicans long consoled themselves with the reflection, that 
the diameter of the earth's orbit (165^ millions of geographical 
miles) was insignificant, when compared to the immense 
distance of the fixed stars. 

The hope of being able to determine the existence of parallax 
must accordingly have been regarded as dependent on the 
perfection of optical and measuring instruments, and on the 
possibility of accurately measurin g very small angles . As long 
as such accuracy was only secure within a minute, the non- 
observance of parallax merely testified to the fact, that the dis- 
tance of the fixed stars must be more than 3438 times the earth's 
mean distance from the sun, or semi-diameter of its orbit.^' 

" Bessel^ in Schumacher's Jahrh,für 1839, s. 611. 

VOL. III. s 
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This lower limit of distances rose to 206265 semi-diaineters 
when certainty to a second was attained in the obserrations 
of the great astronomer, James Bradley; and in the brilliant 
period of Frauenhofer^s instruments, (by the direct measure* 
ment of about the 10th part of a second of arc) it rose still 
higher to 2062648 mean distances of the earth. The labours 
and the ingeniously contrived zenith apparatus of Newton's 
great contemporary, Robert Hooke (1669), did not lead to the 
desired end. Picard, Horrebow, (who worked out Homer's 
rescued observations) and Flamstead, believed that they had 
discovered parallaxes of several seconds, whereas they had con- 
foimded the ^op^ motions of the stars with the true changes 
from parallax. On the other hand, the ingenious John Michell 
{Fhü^ Trans, 1767, vol. Ivii. pp. 234-264), was of opinion 
that the parallaxes of the nearest fixed stars must be less than 
0*'*02, and in that case could only ** become perceptible when 
magnified 12000 times." In consequence of the widely dif- 
fused opinion, that the superior brilliancy of a star must inva- 
riably indicate a greater proximity, stars of the 1st magnitude, 
as, for instance, Vega, Aldebaran, Sinus, and Procyon, were, 
with little success, selected for observation by Calandrelli and 
the meritorious Piazzi (1805). These observations must be 
classed with those which Brinkley published in Dublin 
(l815), and which ten years afterwards were refuted by Pond, 
and especially by Airy. An accurate and satisfactory know- 
ledge of parallaxes, founded on micrometric measurements, 
dates only from between the years 1832 and 1838. 

Although Peters,^ in his valuable work on the distances 
of the fixed stars (1846), estimates the nimiber of parallaxes 
hitherto discovered at 33, we shall content ourselves with 
referring to 9, which deserve greater, although very different, 
degrees of confidence, and which we shall consider in the 
probable order of their determinations. 

" Struve, Astr. stell., p. 104. 
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The first place is due to the star 61 Cygni, which 
Bessel has rendered so celebrated. The astronomer of 
Königsberg determined, in 1812, the large proper motion 
of this double star, (below the 6th magnitude,) but it was 
not until 1838, that, by means of the heliometer, he dis- 
covered its parallax. Between the months of August, 1812, 
and November, 1813, my friends Arago and Mathieu institu- 
tuted a series of numerous observations, for the purpose of 
finding the parallax of the star 61 Cygni, by measuring its 
distance from the zenith. In the course of their labours they 
arrived at the very correct conclusion that the parallax of 
this star was less than half a second.^* So late as 1815 and 

" Arago, in the Connaissance des Temps pour 1834, p. 281 : 
— " Nous observames avec beaucoup de soin, Mr. Mathieu 
et moi, pendant le mois d'Aoüt, 1812, et pendant le mois de 
Novembre suivant, la hauteur angulaire de Tetoile audessus 
de I'horizon de Paris. Cette hauteur, k la seconde epoque, 
ne surpasse la hauteur angulaire k la premiere que de 0"-66. 
Une parallaxe absolue d'lme seide seconde aurait neces- 
sairement amen^ entre ces deux hauteurs ime difference de 
V'^2. Nos observations n'indiquent done pas que le rayon 
de I'orbite terreste, que 39 millions de lieues soient vus de 
la 61*^ du Cygne sous un angle de plus d'une demi-seconde. 
Mais une base vue perpendiculairöment soutend un angle d'une 
demi-seconde quand on est ^loigne de 412 mille fois sa lon- 
gueur. Done la 61*^ du Cygne est au moins ä une distance de 
la terre 6gale a 412 mule fois 39 millions de lieues.*' 
" During the month of August, 1812, and also during the fol- 
lowing November, Mr. Mathieu and myself very carefully 
observed the altitude of the star above the horizon, at Paris. 
At the latter period its altitude only exceeded that of the 
former by 0"*66. An absolute parallax of only a single second 
woidd necessarily have occasioned a difierence of 1"*2 be- 
tween these heights. Our observations do not therefore 
show that a semi-diameter of the earth's orbit, or 39 millions 
of leagues, are seen from the star 61 of Cygnus, at an angle 
of more than 0"-5. But a base viewed perpendic\ilarly sub- 

s2 
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1816, Bessel, to use his own words, " had arrived at no avail 
able result."*^ The observations taken from August, 1837, to 
October, 1838, by means of the great heliometer erected in 
1829, first led him to the parallax of 0"*3483, which corresponds 
with a distaifce of 592200 mean distances of the earth, and 
a period of 9^ years for the transmission of its light. Peters 
confirmed this result in 1842, by finding 0"*3490, but sub- 
sequently changed Bessel's result into "'3744 by a correction 
for temperature.' ' 



tends an angle of 0"*5 only when it is observed at a distance 
of 412000 times its length. Therefore the star 61 Cygni is 
situated at a distance from our earth at least equal to 412 
thousand times 39 millions of leagues." 

^ Bessel, in Schum. Jahrh, 1839, s. 39-49, and in the 
Astr. Nachr., no. 366, gave the result 0"-3136, as a first 
approximation. His later and final result was 0"'3483. (Astr, 
Nachr. ^ no. 402, in bd. xvii. s. 274.) Peters obtained by 
his own observations the following, almost identical, result, 
of 0"*3490. (Struve, Astr. stell, p. 99.) The alteration which, 
after Bessel's death, was made by Peters in Bessel's cal- 
culations of the angular measurements, obtained by the 
Königsberg heliometer, arises fi:om the circumstance that 
Bessel expressed his intention {Astr. Nachr., bd. xvii. s. 267) 
of investigating further the influence of temperature on 
the results exhibited by the heliometer. This purpose he had 
in fact partially fulfilled in the first volume of his Astronomische 
Untersuchungen, but he had not applied the corrections of 
temperature to the observations of parallax. This application 
was made by the eminent astronomer Peters {Ergänzungsheft 
zu den Astr. Nachr., 1849, s. 56), and the result obtained, 
owing to the corrections of temperature, was, 0"'3744 instead 
of 0"- 3483. 

-^ This result of 0"'3744 gives, according to Argelander, as 
the distance of the double star 61 Cygni fi:om the sxm, 550900 
mean distances of the earth from the sun, or 45576000 
miles, a distance which light traverses in 3177 mean days. 
To judge from the three consecutive statements of parallax 
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The parallax of the finest double star of the 
southern hemisphere (a Centauri) has been calculated at 
0''-9128 by the observations of Henderson, at the Cape of 
Good Hope, in 1832, and by those of Maclear, in ISSO.** 
According to this statement it is the nearest of all the fixed 
stars that have yet been measured, being three times nearer 
than 61 Cygni. 

The parallax of a LyrsB has long been the object of 
Struve's observations. The earlier observations (1836) gave** 
between 0"-07 and 0"-18; later ones gave 0"-2613, and a dis- 
tance of 771400 mean distances of the earth, with a period 
of twelve years for the transmission of its light.^ But Peters 
found the distance of this brilliant star to be much greater, 
since he gives only 0"'103 as the parallax. This residt con- 
trasts with another star of the 1st magnitude (« Centaiui), 
and one of the 6th (61 Cygni). 

The parallax of the Polar Star has been fixed by Peters at 
0"*106, after many comparisons of observations made be- 
tween the years 1818 and 1838; and this is the more satisfac- 
tory, as the same comparisons give the aberration at 20"-4öö.^ 

given by Bessel, 0"-3136, 0"-3483, and 0"-3744, this celebrated 
double star has apparently come gradually nearer to us in 
light passages amounting respectively to 10, 9^, and 8-^^ years. 

^ Sir John Herschel, Outlines, pp. 545 and 551. Madler 
{Astr., s. 425) gives in the case of a Centauri, the parallax 
0"-9213 instead of 0"-9128. 

^ Struve, Stell, compos. Mens, microm,, pp. clxix.-clxxii. 
Airy makes the parallax of « Lyrse, which Peters had pre- 
viously reduced to 0"'l still lower, indeed too small to be 
measureable by our present instruments. {Mem. of the Royal 
Astr. Soc, vol. x. p. 270.) 

^ Struve, on the Micrometrical admeasurements by the 
Great Refractor at Dorpat, (Oct. 1839,) in Schum., Astr. 
Nachr., no. 396, s. 178. 

^ Peters, in Struve, Astr. stelL, p. 100. 
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The parallax of Arcturus, according to Peters, is 0"-127. 
Eümker's earlier observations with the Hamburgh meridian 
circle had made it considerably larger. The parallax of another 
star of the 1st magnitude, Capella, is still less, being, accordii^ 
to Peters, 0"046. 

The star No. 1830 in Groombridge*s Catalogue, which, 
according to Argelander, showed the largest proper motion 
of all the stars that hitherto have been observed in the 
firmament, has a parallax of 0''*226, according to 48 zenith 
distances which were taken with much accuracy by Peters 
during the years 1842 and 1843. Faye had believed it to 
be five times greater, r'*08, and therefore greater than the 
parallax of a Centauri.^ 



Fixed star. 



a Centauri . . 
61 Cygni . . 
Sirius .... 
1830 Groombridge 
I Ursae M£g. 
Arctams . . . 
a Lyraö . . . 
Polaris . . . 
Capella . . . 



Parallax. 



0" 
0" 
0" 
0" 
O'' 
0" 
0" 
0" 
0" 



• 913 
•3744 

• 230 

• 226 

• 133 

• 127 

• 207 

• 106 

• 046 



Probable 
Em». 



0"-070 
0"-020 

0"141* 

0"-106 

0"-073 

0"-038 

0"-012 

0"-200 



Name of Obeerrer. 



Henderson and Maclear 

Bessel 

Henderson 

Peters 

Peters 

Peters 

Peters 

Peters 

Peters 



It does not in general follow from the results hitherto 
obtained that the brightest stars are likewise the nearest 
to us. Although the parallax of a Centauri is the greatest 
of all at present known, on the other hand, Vega LyreB, 
Arcturus, and especially Capella, have parallaxes from three to 
eight times less than a star of the 6th magnitude in Cygnus. 
Moreover, the two stars which after 2161 Puppis and i Indi 
show the most rapid proper motion, viz. the star just men- 
tioned in the Swan (with an annual motion of 5"* 123), and 



^ Peters, in Struve, Ästr, StelL, p. 101. 
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No. 1830 of Groombridge, which in France is called Arge- 
lander's star (with an annual motion of 6'''974), are three 
and four times more distant from the sun than a Centauri, 
which has a proper motion of 3"* 5 8. Their volume, mass, 
intensity of light,^ proper motion, and distance from our 
solar system, stand in yarious complicated relations to each 
other. Although, therefore, generally speaking, it may be 
probable that the brightest stars are nearest to us, still there 
may be certain special very remote small stars, whose photo- 
spheres and sur&ces, from the nature of their physical con- 
stitution, maintain a very intense limiinous process. Stars 
which from their brilliancy we reckon to be of the Ist magni- 
tude, may be further distant from us than others of the 4th, 
or even of the 6th magnitude. When we pass by degrees 
from the consideration of the great starry stratum of which 
our solar system is a part, to the particular subordinate sys- 
tems of our planetary world, or to the still lower systems of 
Jupiter's and Saturn's moons, we perceive central bodies 
surrounded by masses in which the successive order of 
magnitude and of intensity of the reflected light does not 
seem to depend on distance. The immediate connexion sub- 
sisting between our still imperfect knowledge of parallaxes, 
and our knowledge of the whole structural configuration of the 
universe, lends a peculiar charm to those investigations which 
irelate to the distances of the fixed stars. 

Human ingenuity has invented for this class of investiga- 
tions methods totally different from the usual ones, and which, 
being based on the velocity of light, deserve a brief mention 
in this place. Savary, whose early death proved such a loss 
to the physical sciences, had pointed out how the aberration of 
light, in double stars, might be used for determining the paral- 

^ On the proportion of the amoxmt of proper motion to 
the proximity of the brighter stars. See Stnxve, Stell, 
compos. Mensur a microm., p. clxiv. 
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laxes. K, for instance, the plane of the orbit which the secon- 
dary star describes around the central body is not at right angles 
to the line of vision from the earth to the double star, but 
coincides nearly with this line of vision itself, then the secon- 
dary star in its orbit will likewise appear to describe nearly a 
straight line, and the points in that portion of its orbit which 
is turned towards the earth will all be nearer to the observer 
than the corresponding points of the second half, which is 
turned away from the earth. Such a division into two halves 
produces not a real but an apparent unequal velocity, with 
which the satellite in its orbit recedes from, or approaches, the 
observer. If the semi-diameter of this orbit were so great 
that light would require several days or weeks to traverse 
it, then the time of the half revolution through its more 
remote side will prove to be longer than the time in the 
side turned towards the observer. The sum of the two un- 
equal times will always be equal to the true periodic time ; 
for the inequalities caused by the velocity of light reciprocally 
destroy each other. From these relations of duration, it is 
possible, according to Savary's ingenious method of changing 
days and parts of lays into a standard of length, (on the as- 
sumption that light traverses 14356 millions of geographical 
miles in twenty-four hours), to arrive at the absolute mag- 
nitude of a semi-diameter of the earth's orbit; and the distance 
of the central body and its parallax may be then deduced 
from a simple determination of the angle under which the 
radius appears to the observer.^ 

In the same way that the determination of the parallaxes 
instructs us as to the distances of a small number of the fixed 
stars, and as to the place which is to be assigned to them in 
the regions of space, so the knowledge of the measure and 

^ Savary, in the Connaissance des Temps^pour 1830, pp. 56 
-69, and pp. 163-171; and Struve, ihid, p. clxiv. 
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duration of proper motion, that is to say, of the changes which 
take place in the positions of self-luminous stars, throws some < 
light on two mutually dependent problems ; namely, the motion 
of the solar system,** and the position of the centre of gravity in 
the heaven of the fixed stars. That which can only be reduced 
in so very incomplete a manner to niunerical relations, must for 
that very reason be ill calcidatedto throw any clear light on such 
causal connexion. Of the two problems just mentioned, the 
first alone (especially since Argelander's admirable investiga- 
tion) admits of being solved with a certain degree of satis- 
factory precision ; the latter has been considered with much 
acuteness by Mädler, but according to the confession of this 
astronomer himself,* his attempted solution is, in consequence 
of the many mutually compensating forces which enter into it, 
devoid '* of anything like evidence amoxmtiug to a complete 
and scientifically certain proof." 

After carefully allowing for all that is due to the precession 
of the equinoxes, the nutation of the earth's axis, the aber- 
ration of light, and the change of parallax caused by the earth's 
revolution round the sun, the remaining annual motion of 
the fixed stars comprises at once that which is the con- 
sequence of the tramlation in space of the whole solar sys- 
tem, and that also which is the result of the actual proper 
motion of the fixed stars. In Bradley's masterly labours on 
nutation, contaiaed in his great treatise of the year 1748, we 
meet with the first hint of a translation of the solar system, 
and in a certain sense also with suggestions for the most 
desirable methods of observing it.^^ " For if our own solar 
system be conceived to change its place with respect to abso- ' 

'® Cosmos, vol. i. p. 136. 

^ Mädler, Astronomie, s. 414. 

^^ Arago, in his Annuaire pour 1842, p. 383, was the 
first to call attention to this remarkable passage of Brad- 
ley's. See, in the same Annuaire, the section on the trans- 
lation of the entire solar system, pp. 389-399. 
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lute space, this nught, in process of time, occasion an appar- 
ent change in the angular distances of the fixed stars; and in 
such a case, the places of the nearest stars being more affected 
than of those that are yery remote, their relatiye positions 
might seem to alter, though the stars themselves were really 
immoTeable. And on the other hand, if our own system be at 
rest, and any of the ^tars really in motion, this might likewise 
vary their apparent positions, and the more so, the nearer they 
are to us, or the swifter their motions are, or the more pro- 
per the direction of the motion is, to be rendered perceptible 
by us. Since, then, the relative places of the stars may be 
changed from such a variety of causes, considering that 
amazing distance at which it is certain some of them are 
placed, it may require the observations of many ages to deter- 
mine the laws of the apparent changes even of a single star; 
much more difficult, therefore, it must be to setüe the laws 
relating to all the most remarkable stars." 

After the time of Bradley, the mere possibility, and the 
greater or less probability, of the movement of the solar system, 
were in turn advanced in the writings of Tobias Mayer, Lam- 
bert, and Lalande ; but William Herschel had the great merit 
of being the first to verify the conjecture by actual observations 
(1783, 1805, and 1806). He found (what has been confirmed, 
and more precisely determined by many later and more accurate 
inquiries,) that our solar system moves towards a point 
near to the constellation of Hercules, in B. A« 260° 44', and, 
N. Ded. 26° 16' (reduced to the year 1800). Argelmider, 
by a comparison of 319 stars, and with a reference to Lun- 
dahl's investigations, found it for 1800: B.A. 257° 54'- 1, 
Decl.-f 28° 49'-2; for 1850, R. A. 258° 23'-5, Decl. -f 28°45'-6. 
Otto Struve (from 392 stars) made it to be for 1800: 
RA. 261° 26'-9, Ded. +37° 35'-5; for 1850, 261° 52'-6, 
Decl. 37^ 33''0. According to Gauss ,^ the point in question 

" In a letter addressed to me ; see Schum. Astr, Nachr,^ 
no. 622, s, 348. 
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falls within a quadrangle, whose extremes are, R. A. 258^ 40', 
and Decl. 30° 40'; R. A. 258** 42', DecL + 30° 67'; R. A. 269° 
13', Decl. + 31° 9'; R. A. 260° 4', Decl. + 30° 32'. 

It still remained to inquire what the result would be 
if the observations were directed only to those stars of the 
southern hemisphere which never appear above the horizon in 
Europe. To this inquiry Galloway has devoted his especial 
attention. He has compared the very recent calculations 
(1830) of Johnson at St. Helena, and of Henderson at the 
Cape of Good Hope, with the earlier ones of Lacaille and 
Bradley (1760 and 1767). The result'» for 1790 was, K A. 
260° 0', Ded. 34° 23'; therefore for 1800 and 1860, 260° 6' 
+ 34° 22' and 260° 33', + 34° 20'. This agreement with the 
results obtained from the northern stars is extremely satis&ctory. 

If then the progressive motion of our solar system 
may be considered as determined within moderate limits, 
the question naturally arises : Is the world of the £xed 
stars composed merely of a number of neighbouring partial 
systems divided into groups, or must we assume the 
existence of an universal relation, a rotation of all self-lumi- 
nous celestial bodies {suns) around one common centre of 
gravity which is either filled toiih matter, or voidf 
We here, however, enter the domain of mere con- 
jecture, to which, indeed, it is not impossible to give a 
scientific form, but which, owing to the incompleteness 6i. 
the materials of observation and analogy which are at pre- 
sent before us, can by no means lead to the degree of evidence 
attained by the other parts of astronomy. The fitct that we are 
ignorant of the proper motion of an infinite number of very 
small stars from the 10th to the 14th magnitude, which appear 
to be scattered among the brighter ones, especially in the im- 
portant part of the starry stratum to which we belong, the 

^ Galloway, on the Motion of the Solar System^ in the 
Philos, Transact. 1847, p. 98. 
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annuli of the Milhy Way, is extremely prejudicial to th«i 
profound mathematical treatment of problems so difficult of 
solution. The contemplation of our own planetary sphere, 
whence we ascend, from the small partial systems of the moous 
of Jupiter, Saturn, and Uranus, to the higher and general solar 
system, has naturally led to the belief, that the fixed stars 
might in a similar manner be divided into several indivi- 
dual groups, and separated by immense intervals of space, 
which again (in a higher relation of these systems one to 
another) may be subject to the overwhelming attractive 
force of a great central body, (one sole sun of the whole 
xmiverse).^ The inference here advanced and founded 
on the analogy of om'own solar system, is, however, re- 
futed by the facts hitherto observed. In the multiple stars 
two or more self-luminous stars (suns) revolve, not round 
one another, but round an external and distant centre of 
gravity. No doubt something similar takes place in our own 
planetary system, inasmuch as the planets do not properly 
move round the centre of the solar body, but around the com- 
mon centre of gravity of all the masses in the system. But 
this common centre of gravity falls, according to the rela- 
tive positions of the great planets Jupiter and Saturn, some- 
times within the circumference of the sun's body, but oftener 
out of it.^ The centre of gravity, which in the case of the 
double stars is a void, is accordingly in the solar system at 
one time void, at another occupied by matter. All that has 
been advanced with regard to the existence of a dark 
central ^body in the centre of gravity of double stars, or at 
least of one orij:^inally dark, but faintly illuminated by the 

^ The value or worthlessness of such views has been 
discussed by Argelander in his essay, " Ueber die eigene 
Bewegung der Sonnensystems, hergeleitet aus der eigenen 
Be^oegung der Sterne, 1837, s. 39. 

^ See Cosmos, yo\. i. p. 135. (Bohn's ed.) (Mädler, Astr,^ 
p. 400.) 
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bon'owed light of the planets which revolve round it, belongs 
to the ever enlarging realm of mythical hypotheses. 

It is a more important consideration, and one more de- 
serving of thorough investigation, that, on the supposition of 
a revolving movement, not only of the whole of our planetary 
system which changes its place, but also for the proper 
motion of the fixed stars at their various distances, the centre 
of this revolving motion must be 90° distant" from the point 
towards which our solar system is moving. In this connexion of 
ideas the position of stars possessing a great or very smaU 
proper motion becomes of considerable moment. Argelan- 
der has examined, with his usual caution and acuteness, the 
degree of probability with which we may seek for a general 
centre of attraction for our starry stratum in the constel- 
lation of Perseus.'' Mädler, rejecting the hypothesis of the 
existence of a central body, preponderating in mass, as the 
universal centre of gravity, seeks the centre of gravity 
in the Pleiades, in the very centre of this group, in or 
near ^ to the bright star rj Tauri (Alcyone). The present is 

^ Argelander, ibid, p. 42; Mädler, Centralsonne, s. 9, and 
Astr,, s. 403. 

^ Argelander, tbid. p. 43; and in Schum. Astr, Nachr.^ 
no. 566. Guided by no numerical investigations, but fol- 
lowing the suggestions of fancy, Kant long ago fixed upon 
Sirius, and Lambert upon the nebula in the belt of Orion, 
as the central body of our starry stratum. (Struve, Astr. 
Stell, p. 17, no. 19.) 

38 Mädler, Astr., s. 380, 400, 407, and 414; in his Cen~ 
iralsonne, 1846, pp. 44-47 ; in Untersuchungen über die 
Fixstern- Systeme, th. ii. s. 183-185. Alcyone is in R. A. 
54° 30', Decl. 23° 36', for the year 1840. If Alcyone's 
parallax were really 0"*0065, its distance would be equal 
to 31^ million semi-diameters of the earth's orbit, and thus 
it woiüd be 50 times further distant from us than the distance 
.of the double star 61 Cygni, according to BesseFs earliest 
calculation. The light which comes to the earth from the 
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not the place to discuss the probability or improbability ^' of 
such an hypothesis. Praise is, howeyer, due to the eminently 
active director of the Observatory at Dorpat, for having by 
his diligent labours determined the positions and proper 
motions of more than 800 stars, and at the same time excited 
investigations which, if they do not lead to the satisfactory 
solution of the great problem itself, are nevertheless calcu- 
lated to throw light on kindred questions of physical as- 
tronomy. 

sun in 8' 18"*2, would in that case take 500 years to pass 
from Alcyone to the earth. The fancy of the Greeks delighted 
itself in wild visions of the height of fells. In Hesiod's 
Theogonioy v. 722-726, it is said, speaking of the fell of the 
Titans into Tartarus : " If a brazen anvü were to fall from 
heaven nine days and nine nights long, it would reach th^earth 
on the tenth.'* This descent of the anvil in 777600 seconds 
of time gives an equivalent in distance of 309424 geographical 
miles, (allowance being made, according to Galle's calcula- 
tion, for the considerable diminution in the force of attrac- 
tion at planetary distances,) therefore 1^ times the distance 
of the moon from the earth. But, according to the Iliad, i. 
V. 592, Hephaestus fell down to Lemnos in one day, " when 
but a little breath was still in him." The length of the chain 
hanging down from Olympus to the earth, by which all the 
gods were challenged to try and pull down Jupiter {IUad,ym., 
V. 18), is not given. The image is not intended to convey 
an idea of the height of heaven, but of Jupiter's strength and 
omnipotence. 

** Compare the doubts of Peters, in Schum. Astr, Nachr. ^ 
1849, s. 661, and Sir John Herschel, in the Outl. of Astr,^ 
589 : — " In the present defective state of our know- 
edge respecting the proper motion of the smaller stars, we 
cannot but regard all attempts of the kind as to a certain ex- 
tent premature, though by no means to be discouraged as 
forerunners of somethmg more decisive.'^ 



I 



271 



VI. 

MULTIPLE OB DOUBLE STABS. — THEIB NUMBEBS AKD 
BECIPBOOAL DISTANCES.— ^EBIOD OF BEYOLUTION OF 
TWO SUNB BOUND A COMMON CENTBE OF GBAVITY. 

When, in'contemplatmg the systems of the fixed stars, we 
descend from hypothetical, higher, and more general con- 
siderations to those of a special and restricted nature, we 
enter a domain more clearly determined, and better calculated 
for direct observation. Among the multiple stars, to which 
belong the Unary or double stars j seyeral self-luminous cosmical 
bodies (suns) are connected by mutual attraction, which 
necessarily gives rise to motions in closed curved lines. 
Before actual observation had established the fact of the revolu- 
tion of the double stars, such movements in closed curves were 
only known to exist in our own planetary solar system. On 
this apparent analogy inferences were hastily drawn, which 
for a long time gave rise to many errors. As the term 
" double stars " was indiscriminately applied to every pair of 
stars, the close proximity of which precluded their separation 
by the naked eye (as, in the case of Castor, » LyrsB, ß Ononis, 
and a Centauri) this designation naturally comprised two 
classes of multiple stars : firstly, those which, from their in- 
cidental position in reference to the observer, appear in dose 
proximity, though in reality widely distant and belonging to 
totally different strata; and, secondly, those which, from their 
actual proximity, are mutually dependent upon each other 

* Compare Cosmos, vol. i. pp. 136-139. (Struve, über 
Doppelsterne nach Dorpater Micrometer-Messunpen von 1824 
bis 1837, s. 11.) ' 
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in mutual attraction and reciprocal action, and thus constitute 
a particular, isolated, sidereal system. The former have long 
been called optically^ the latter physically^ double stars. By 
reason of their great distance, and the slowness of their ellip- 
tical motion, many of the latter are frequently confounded 
with the former. As an illustration of this fact, Alcor, (a star 
which had engaged the attention of many of the Arabian 
astronomers, because, when the air is very clear, and the organs 
of vision peculiarly sharp, this small star is visible to the naked 
eye together with ^ in the tail of Ursa Major, forms, in the 
fullest sense of the term, one of these optical combinations, 
without any closer physical connexion. In sections II. and 
III. I have already treated of the difläcidty of separating 
by the naked eye adjacent stars, with the very imequal in- 
tensity of light, of the influence of the higher brilliancy and 
the stars' tails, as well as of the organic defects which pro- 
duce indistinct vision. v- 

Galileo, without making the double stars an especial object 
of his telescopic observations (to which his low magni- 
fying powers would have proved a serious obstacle), 
inentions (in a famous passage of the Giomata terza of his 
Discourses, which has already been pointed out by Arago) the 
use which astronomers might make of optically double stars 
(quando si trovasse nel telescopic qualche picciolissima Stella 
vicinissima ad alcuna delle maggiori) for determining the 
parallax of the fixed stars? As late as the middle of the 



* Vide supra. As a remarkable instance of acuteness of 
vision, we may further mention, that Möstlin, Kepler's 
teacher, discovered with the naked eye fourteen, and some 
of the ancients nine, of the stars in the Pleiades. (Madler, 
Untersuch, über die Fixtern-Systeme^ th. ii. s. 36.) 

' Vide supra. Doctor Gregory of Edinburgh also, in 1675, 
(consequent!]^ thirty-three years after Galileo's decease), re- 
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last century, scarcely twenty double stars were set down in 
the stellar catalogues, if we exclude all those at a greater 
distance from each other than 32' ; at present — a hundred 
years later (thanks chiefly to the great labours of Sir Wil- 
liam Herschel, Sir John Herschel, and Struve), about 6000 
have been discovered in the two hemispheres. To the earliest 
described double stars* belong ^Ursae maj. (7th September, 
1700, by Gottfried lurch), a, Centauri (1709, by Feuillee), 
y Virginis (1718), a Geminorum (1719), 61 Cygni (1753), 
(which, with the two preceding, was observed by Bradley, 
both in relation to distance and angle of du'ection), p Ophi- 
uchi, and ^ Cancri. The number of the double stars recorded 
has gradually increased, from the time of Flamstead, 
who employed a micrometer, dovm to the star-catalogue 
of Tobias Mayer, which appeared in 1756. Two acutely 
speculative thinkers, endowed with great powers of com- 
bination, Lambert {Photometria, 1760; Kosmohgische Briefe 
ilber die Einrichtung des Weltbaues, 1761) and John Michell, 
1767, though they did not themselves observe double stars 
were the first to diffuse correct views upon the relations of 
their attraction in partial binary systems. Lambert, like 
Kepler, hazarded the conjecture that the remote suns (fixed 
stars) are, like our own sun, surroxmded with dark bodies, 
planets, and comets; but of the fixed stars proximate to 
each other,* he believed, however much on the other hand 
he may appear inclined to admit the existence of dark 
central bodies, "that within a not veiy long period they 
completed a revolution round their common centre of gravity." 

commended the same parallactic meth od ; see Thomas Birch 
Hist, of the Royal Soc., vol. iii. 1757, p. 225. Bradley 
(1748) alludes to this method at the conclusion of his cele- 
brated treatise on Nutation. 

* Madler, Ästr., s. 477. 

' Arago, in the Annuaire pour 1842, p. 400. 

VOL. III. X 
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Micbell* who was not acqiiaintcd with the ideas of Kant and 
Lambert, was the first who applied the calculus of proba- 
bilities to small groups of stars, which he did with great 
ingenuity, especially to multiple stars, both binary and qua- 
ternary. He showed that it was 500000 chances to 1 that 
the collocation of the six principal stars in the Pleiades did 
not result from accident, but that, on the contrary, they owed 
their grouping to some internal and reciprocal relation. He 
was so thoroughly convinced of the existence of luminous stars, 
revolying round each other, that he ingeniously proposed to 
employ these partial star-systems to the solution of certain 
astronomical problems.' 

• An Inquiry into the probable parallax and magnitude 
of the fixed stars, from the quantity of light which they afford 
us, and the particular circumstsoices of their situation, by 
the Rev. John Mitchell ; in the Philos, Transact, vol. Ivii. 
pp. 234-261. 

' John Michell, ibid., p. 238. ' " If it should hereafter be 
found that any of the stars have others revolving about them 
(for no satellites by a borrowed light could possibly be visible), 

we. should then have the means of discovering *' 

Throughout the whole discussion he denies that one of the 
two revolying stars can be a dark planet shining with a 
reflected lights because both of them, notwithstanding their 
distance, are visible to us. Calling the larger of the two the 
'' Central Star," he compares the density of both with the 
density of our sun, and merely uses the word '' satellite *' 
relatively to the idea of revolution, or of reciprocal motion ; 
he speaks of the "greatest apparent elongation of those 
stars, that revolve about others as satellites." He ftir- 
ther says, at pp. 243 and 249 : " We may conclude with the 
highest proba^ity (the odds against the contrary opinion 
being many milHon millions to one) that stars form a kind of 
«ystem by mutual gravitation. It is highly probable in par- 
ticular, and next to a certainty in general, Üiat such double 
stars as appear to consist of two or more stars placed near 
together are omder the influence of some general law, such 
perhaps as gravity " (Consult also Arago, in &e 
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CbriBtian Mayer, the Manheim astronomer, has the great 
merit of having first (1778) made the fixed stars a special 
object of research, by the sure method of actual observations. 
The unfortunate choice of the term satellites of the ßxed stars, 
and the relations which he supposed to exist among the 
stars between 2° 30' and 2° 55' distant from Arcturus, exposed 
him to bitter attacks from his contemporaries, and among 
these to the censure of the eminent mathematician, Nicolaus 
Fuss. That dark planetary bodies shoidd become visible by 
reflected light, at such an immense distance, was certainly 
improbable. No value was set upon the results of his care- 
fully conducted observations, because his theory of the phe- 
nomena was rejected; and yet Christian Mayer, in his re- 
joinder to the attack of Father Maximilian Hell, Director 
of the Imperial Observatory at Vienna, expressly asserts 
''that the smaller stars, which are so near the larger, are 
either illuminated, naturally dark planets, or that both of 
these cosmical bodies— the principal star and its companion 
— are self-luminous suns revolving round each other." The 

Annuairepour 1834, p. 308, and Ann, 1842, p. 400.) No great 
reliance can be placed on the individual numerical results of 
the calculus of probabilities given by Michell ; as the hypotheses 
that there are 280 stars in the heavens which, in intensity of 
light, are equal to ß Oapricomi, and 1500 equal to the six 
greater Istars of the Pleiades, are manifestly incorrect. The 
ingenious cosmological treatise of John Michell ends with a 
very bold attempt to explain the scintillation of the fixed stars 
by a kind of '* pulsation in material effluxes of light " — an 
elucidation not more happy than that which Simon Marius, one 
of the discoverers of Jupiter's satellites (see Cosmos^ vol. ii. 
p. 404,) has given at the end of his Mundus Jovudis (1614). 
But Michell has the merit of having called attention to the 
fact (p. 263) that the scintillation of stars is always accom- 
panied by a change of colour. '' Besides their brightness, 
there is in the scintillation of the fixed stars a chaise of 
colour." ( Vide supra,) 

T 2 
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importance of Christian Mayer's labours has, long after his 
death, been thankfully and publicly acknowledged by Struve 
and Madler. In his two treatises, Vertheidigung neuer Beo- 
bachtungen von Fixstem-trahanten (1778), Bud Disseriaito de 
novis in Cceh stdereo Phtenomenis (1779), eighty double stars 
are described as observed by him, of which sixty-seven are 
less than 32" distant from each other. Most of these were 
first discovered by Christian Mayer himself, by means of the 
excellent eight-feet telescope of the Manheim Mural Quad- 
rant; "many even now constitute very difficult objects of 
observation, which none but veiy powerful instruments are 
capable of representing, such as ^ and 71 Herculis, • Lyrse, 
and u Piscium." Mayer, it is true, (as was the practice long 
after his time,) only measured distances in right ascension 
and declination by meridian instruments, and pointed out, 
from his own observations, as well as from those of earlier 
astronomers, changes of position; but from the nimierical 
value of these he omitted to deduct what (in particular cases) 
was due to the proper motion of the stars.® 

These feeble, but praiseworthy beginnings were followed 
by Sir William Herschel's colossal work on the multiple 
stars, which comprises a period of more than twenty-five 
years. For although Herschel's first catalogue of double 
stars was published four years after Christian Mayer's treatise 
on the same subject, yet the observations of the former go 
back as far as 1779 — ^indeed, even to 1776, if we take into 
consideration the investigations on the trapezium in the 
great nebula of Orion. Almost all we at present know of 
the manifold formation of the double stars has its origin 
in Sir William Herschers work. In the catalogues of 1 782, 



* Struve, in the Recueil des Actes de la Stance publique de 
VAcad, Imp, des Science^ de St, PStersbourg, le 29 Die 
1832, pp. 48-60. Madler, Astr,, s. 478. 



DOUBLE STAKS. 277 

1783, and 1804, he has not only set down and determined 
the position and distance of 846 double stars,' for the most 
part first discovered by himself, but, what is far more impor- 
tant than any augmentation of number, he applied his 
sagacity and power of observation to all those points which 
have any bearing on their orbits, their conjectured periodic 
times, their brightness, contrasts of colours, and classification 
according to the amount of their mutual distances. Full 
of imagination, yet always proceeding with great caution, it 
was not till the year 1794, while distinguishing between 
optically and physically double stars, that he threw out 
his preliminary suggestions as to the nature of the relation of 
the larger star to its smaller companion. Nine years after- 
wards, he first explained his views of the whole system of 
these phenomena, in the 93rd volume of the Philosophical 
Transactions, ITie idea of partial star-systems, in which 
several suns revolve round a common centre of gravity, was 
then firmly established. The stupendous influence of attrac- 
tive forces, which in our solar system extends to Neptune, a 
distance 30 times that of the earth (or 2488 millions of 
geographical miles) and which compelled the great comet 
of 1680 to return in its orbit, at the distance of 28 of 
Neptune's semi-diameters (853 mean distances of the earth, 
or 70800 millions of geographical miles), is also manifested 
in the motion of the double star 61 Cygni, which, with a 
parallax of 0"-3744, is distant from the sun 18240 semi- 
diameters of Neptune's orbit (t. e, 550900 earth's mean 
distances, or 45576000 millions of geographical miles). 

• Phihs, Transact for the year 1782, pp. 40-126; for 1783, 
pp. 112-124; for 1804, p. 87. Eegarding the observations 
on which Sir William Herschel founded his views respecting 
l^e 846 double stars, see Mädler, in Schumacher's Jahrbuch 
für 1839, s. 59, and his Untersuchungen über die Fixstern^ 
Systeme^ih., i. 1847, s. 7. 



278 C0S31OS, 

But although Sir William Herschel so clearly discerned the 
causes and general connexion of the phenomena, still, in the 
first few years of the nineteenth century, the angles of posi- 
tion derived from his own observations, owing to a want of 
due care in the use of the earlier catalogues, were confined 
to epochs too near t(^ether to admit of perfect certainty in 
determining the several nmnerical relations of the periodic 
times, or the elements of their orbits. Sir John Herschel him- 
self alludes to the doubts regarding the accuracy of the assigned 
periods of revolution of ou Geminorum (334 years instead of 
520, according to Mädler),^« of y Virginis (708 instead of 169), 
and of y Leonis (1424 of Struve's great catalogue), a splendid 
golden and reddish-green double star (1200 years). 

After William Herschel, the elder Struve (fix)m 1813 to 
1842), and Sir John Herschel (from 1819 to 1838), availing 
themselves of the great improvements in astronomical instru- 
ments, and especially in micrometrical applications, have, 
with praiseworthy diligence, laid the proper and special 
foundation of this important branch of astronomy. In 1820, 
Struve published his first Dorpat Table of double stars, 
796 in number. This was followed in 1824 by a second» 
containing 3112 double stars, down to the 9th magnitude» 
in distances under 32'', of which only about one-sixth had 
been before observed. To accomplish this work, nearly 
120000 fixed stars were examined by means of the great 
Fraunhofer refractor. Struve's third Table of multiple stars 
appeared in the year 1837, and forms the important work 
Stellarum compositarum Mensurce micrometrtcae}^ It contains 

" Madler, ibid,, th. i. s. 255. For Castor we have two 
old observations of Bradley, 1719 and 1759 (the former taken 
in conjunction with Pond, the latter with Maskelyne), and 
two of the elder Herschel, taken in the years 1779 and 1803. 
For the period of revolution of y Virginis, see Madler, 
Fixstem-SysL, th. ii. s. 284-40, 1848. 

" Struve, MensurtB microm,, pp. 40 and 234-248. On the 
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2787 double stars, several imperfectly observed objects being 
carefully excluded. 

Sir John HerscheFs unwearied diligence, during his four 
years* residence in Feldhausen, at the Cape of Good Hope, 
which, by contributing to an accurate topographical know- 
lo^e of the southern hemisphere, constitutes an epoch in 
astronomy,*' has been the means of enriching this number by 
the addition of more than 2100 double stars (which, with 
few exceptions, had never before been observed). AU these 
African observations were taken by a twenty-feet reflecting 
telescope ; they were reduced for the year 1830, and are in- 
cluded in the six catalogues which contain 3346 double stars, 
and were transmitted by Sir John Herschel to the Astronomical 
Society for the 6th and 9th parts of their valuable Memoirs}^ 
In these European catalogues are laid down the 380 double 
stars which the above celebrated astronomer had observed in 
1825, conjointly with Sir James South. 

We trace in this historical sketch the gradual advance 
made by the science of astronomy towards a thorough know- 
ledge of partial, and especially of binary systems. The num- 
ber of double stars (those both optically and physically double) 
may at present be estimated with some certainty at about 6000, 
if we include in our calculation those observed by Bessel 
with the excellent Fraunhofer heliometer, by Argelander^* 

whole 2641 + 146, i, e, 2787 double stars have been ob- 
served. (Madler, in Schum. Jahrb., 1839, s. 64.) 

" Sir John Herschel, Astron, Observ. at the Cape of Good 
Rope, pp. 165-303. 

" Ibid,, pp. 167 and 242. 

^* Argelander, in order carefully to investigate their proper 
motion, examined a great number of fixed stars. See his 
essay, entitled " DLX Stellarum fixarum positiones media, 
ineunte anno 1830, ex observ, AbotB habitis {Helsingforsia:, 
1825)." Madler {Astr,, s. 625) estimates the number of mul- 
tiple stars in the northern hemisphere, discovered at Pulkowiv 
since 1837, at not less than 600. 
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at Abo (1827-1835), by Encke and Galle, at Berlin (1836 
and 1839), by Preuss and Otto Struve, in Pulkowa (since 
the catalogue of 1837), by Madler, in Dorpat, and by Mitchell, 
in Cincinnati (Ohio) with a seventeen-feet Munich refractor. 
How many of these 6000 stars, which appear to the naked 
eye as if close together, may stand in an immediate relation of 
attraction to each other, forming systems of their own, and 
revolving in closed orbits— or, in other words, how many are 
so-called physical {revolving) double stars — is an important 
problem, and difficult of solution. More revolving compa- 
nions are gradually but constantly being discovered. Ex- 
treme slowness of motion, or the direction of the plane of the 
orbit as presented to the eye, being such as to render the posi- 
tion of the revolving star imfavourable for observation, may 
long cause us to class physically double stars among those 
which are only optically so ; that is, stars of which the proximity 
is merely apparent. But a distinctly-ascertained appreciable 
motion is not the only criterion. The perfectly uniform 
motion in the realms of space, {i,e, a common progressive 
movement, like that of our solar system, including the 
earth and moon, Jupiter, Saturn, Uranus, and Neptune 
with their satellites,) which in the case of a considerable 
number of multiple stars has been proved by Argelander and 
Bessel, bears evidence that the principal stars and their 
companions stand in imdoubted relation to each other in 
separate partial systems. Madler has made the interesting 
remark, that whereas previous to 1836, among 2640 double 
stars that had been catalogued, there were only 58 in which 
a difference of position had been obser>'ed with certainty^ and 
105 in which it might be regarded as more or less proba- 
ble ; at present, the proportion of physically double stars to 
optically double stars has changed so greatly in favour of the 
former, that among the 6000 double stars, according to a 
table published in 1849, 650 are known in which a change of 
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relative position can be incontestably proved." The earliest 
comparison gave one-sixteenth, the most recent gives one- 
ninth, as the proportion of the cosmical bodies which, by an 
observed motion both of the primary star and the companion, 
ai'e manifestly proved to be physically double stars. 

Very little has as yet been numerically determined re- 
garding the relative distribution of the binary star-systems 
throughout space, not only in the celestial regions, but even 
on the apparent vault of heaven. In the northern hemi- 
sphere, the double stars most frequently occur in the direction 
of certain constellations (Andromeda, Bootes, the Great Bear, 
the Lynx, and Orion). For the southern hemisphere Sir John 
Herschel has obtained the imexpected result "that in the 
extra-tropical regions of this hemisphere the number of 
multiple stars is far smaller than that in the corresponding 
portion of the northern." And yet these beautiful southern 
regions have been explored imder the most favourable cir- 
cumstances, by one of the most experienced of observers, 
with a brilliant twenty-feet reflecting telescope which sepa- 
rated stars of the 8th magnitude, at distances even of three- 
quarters of a second." 



** The number of fixed stars in which proper motion has 
been undoubtedly discovered (though it may be conjectured 
in the case of all) is slightly greater than the number of 
double stars in which change of position has been observed. 
(Mädler, Ästr,, s. 394, 490, and 520-540.) Results obtained 
by the application of the Calculus of Probabilities, according 
as the several reciprocal distances of the double stars are 
between 0" and 1", 2" and 8", or 16" and 32", are given by 
Struve, in his Mens microm., p. xciv. Distances less than O^'S 
have been taken, and experiments with very complicated 
systems have confirmed the astronomer in the hope that these 
estimates are mostly correct within O"*!. (Struve, über Doppel^ 
Sterne nach Dorpater Beob,^ s. 29.) 

^* Sir John Herschel, Observations at the Cape, p. 166. 
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The frequent occurrence of contrasted colours constitutes an 
extremely remarkable peculiarity of multiple stars. Struve, in 
his great work" published in 1837, gave thQ following results 
with regard to the colours presented by six hundred of the 
brighter double stars. In 375 of these, the colour of both 
principal star and companion was the same and equaüy iiu 
tense. In 101, a mere difference of intensity could be dis- 
cerned. The stars with perfectly different colours were 120 
in number, or one-fifth of the whole; and in the remaining 
four-fifths the principal and companion stars were imiform 
in colour. In nearly one^kalf of these six hundred, the 
principal star and its companion were white. Among those 
of different colours, combinations of yellow with blue (as in 
i Cancri), and of orange with green, (as in the ternary star 
y Andro^led8B,)^ are of frequent occurrence. 

Arago was the first to call attention to the fkct that the 
diversity of colour in the binary systems principally, or at 
least in very many cases, has reference to the complementary 
colours— the subjective colours, which when imited form 
white.^* It is a well known optical phenomenon that a faint 

" Struve, Mensur (S microm., pp. Ixxvii to Ixxxiv. 

^^ Sir John Herschel, Outlines of Astr., p. 579. 

^® Two glasses, which exhibit complementary colours, when 
placed one upon the other, are used to exhibit white images 
of the sun. During my long residence at the Observatory 
at Paris, my friend very successfully availed himself of this 
contrivance, — ^instead of using shade glasses to observe the 
sun's disc. The colours to be chosen are red and green, 
yeUow and blue, or green and violet. "Lorsqu*une lumi- 
^re forte se trouve aupr^s d*une lumiere faible, la demiere 
prend la teinte complementaire de la premiere. C'est la le con- 
traste; mais conmie le rouge n'est presque jamais pur, on pent 
tout aussi bien dire que le rouge est compUmentadre du bleu. 
Les couleurs voisines du spectre solaire se substituent." 
" When a strong light is brought into contact with a feeble 
one, the latter assumes the complementary colour of the for- 
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white light appears green when a strong red light is brought 
near it ; and that a white light becomes blue when the stronger 
surrounding light is yellowish. Arago, however, with his 
usual caution, has reminded us of the &ct that even though 
the green or blue tint of the companion star is sometimes the 
result of contrast! still on the whole it is impossible to deny 
the actual existence of green or blue stars.^ There are 

mer. This is the effect of contrast; but as red is scarcely 
ever pure, it may as correctly be said that red is the com- 
plementary of blue : the colours nearest to the solar spectrum 
reciprocally change/' (Arago, MS. of 1847.) 

^ Arago, in Üie Connaisance des Temps pour Van 1828, 
pp. 299-300 ; and in the Annuaire pour 1834, pp. 246-250 ; 
pour 1842, pp. 347-350 : " Les exceptions que je cite, 

grouvent que j'avais bien raison en 1825 de n*iatroduire 
I notion physique du contraste dans la question des ^toiles 
doubles qu'avec la plus grande reserve. Le bleu est la 
couleur reelle de certaines etoiles. II resulte des observations 
recueillics jusqu'ici que le firmament est non seulemcnt par- 
seme de solcHs routes etjaunes, conmie le savaient les anciens, 
mais encore de soleils bleus et verts, C'est au tems et k des 
observations futures ä nous apprendre si les Etoiles vertes et 
bleues ne sont pas des soleik d^ja en voie de d6croissance; si 
les difierentes nuances de ces astres n'indiquent pas que la 
combustion s'yop^reidifferens.degres; silateinte, avec exc^s 
de rayons les plus refrangibles, que presente souvent la petite 
etoile, ne tiendrait pas ä la force absorbante d'une atmosphere 
que developperait Taction de Tetoile, ordinairement beaucoup 
plus brillante, qu'elle accompagne." ''The exceptions I have 
named proved Üiat in 1 825 1 was quite right in the cautious re» 
servations with which I introduced the physical notion of con^ 
trast in connexion with double stars. Blue is the real colour 
of certain stars. The result of the observations hitherto made 
proves that the firmament is studded not only with red and 
yellow suns, (as was known long ago to the ancients,) but also 
with blue and green suns. Time and future observations must 
determine whether red and blue stars are not suns, the bright- 
ness of which is already on the wane; whether the varied 
appearances of these orbs do not indicate the degree of com- 
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instances in which a brilliant white star (1527 Leonis, 1768 
Can. ven.) is accompanied by a small blue star; others, whei» 
in a double star (d Serp.) both the principal and its companion 
are blue.*^ In order to determine whether the contrast of 
colours is merely subjective, he proposes (when the distance 
allows) to cover the principal star in the telescope by a thread 
or diaphragm. Commonly it is only the smaller star that is 
blue: this, however, is not the case in the double star 23 
Orionis (696 in Struve's Catalogue, p. Ixxx.) ; where the prin- 
cipal star is bluish, and the companion pure white. If in the 
multiple stars the differently coloured suns are frequently 
surrounded by planets invisible to us, the latter, being dif- 
ferently illuminated, must have their white, blue, red, and 
^reen days.^ 

As the periodical variability'^ of the stars is, as we have 
already pointed out, by no means necessarily connected 
with their red or reddish colour, so also colouring in gene- 
ral, or a contrasting difference of the tones of colour be- 

bustion at work within them; whether the colour and the excess 
of the most refrangible rays often presented by the smaller 
of two stars be not ovdng to the absorbing force of an atmo- 
sphere developed by the action of the accompanying star, 
which is generally much the more brilliant of the two." ( Arago 
in the Annitaire pour 1834, pp. 295-301.) 

'^ Struve, Ueber Doppelsteme nach Dorpater Beobachtungen, 
1837, s. 33-36, voiA Mensurce microm. p. Ixxxiii., enumerates 
sixty-three double stars, in which both the principal and 
companion are blue or bluish, and in which therefore the 
colours cannot be the effect of contrast. When we are forced 
to compare together the colours of double stars, as reported 
by several astronomers, it is particularly striking to observe 
how frequently the companion of a red or orange-coloured 
star is reported by some observers as blue, and by others 
as green. 

® Arago, Annuairepour 1834, p. 302. 

» Vide supra, pp. 175-183. 
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tween the principal star and its companion is far from being 
peculiar to the multiple stars. Circimistances which we find 
to be frequent, are hot on that account necessary conditions 
of the phenomena ; whether relating to a periodical change 
of light, or to the revolution in partial systems round a 
common centre of gravity. A careful examination of the 
bright double stars (and colour can be determined even in 
those of the 9th magnitude) teaches that, besides white, 
all the colours of the solar spectrum are to be found in the 
double stars, but that the principal star, whenever it is not 
white, approximates in general to the red extreme (that of 
the least refrangible rays), but the companion to the violet 
extreme (the limit of the most refrangible rays). The reddish 
stars are twice as frequent as the blue and bluish; the white 
are about 2^ times as numerous as the red and reddish. It 
is moreover remarkable that a great difference of colour is 
usually associated with a corresponding difference in bright- 
ness. In two cases — ^in C Bootis, and y Leonis — ^which, 
from their great brightness can easily be measured by 
powerful telescopes, even in the day-time, the former con- 
sists of two white stars, of the 3rd and 4th magnitudes, 
and the latter of a principal star of the 2nd, and of a 
companion of the 3* 5th, magnitude. This is usually called 
the brightest double star of the northern hemisphere, whereas 
a Centauri ^ and a Crucis, in the southern hemisphere, sur- 

** " This superb double star (a Cent.) is beyond all com- 
parison the most striking object of the kind in the heavens, 
and consists of two individuah, both of a high ruddy or orange 
colour, though that of the smaller is of a somewhat more 
sombre and brownish cast." (Sir John Herschel, Observa- 
tions at the Cape of Good Hope, p. 300.) And, according 
to the important observations taken by Captain Jacob, of the 
Bombay Engineers, between the years 1846 and 1848, the 
principal star is estimated of the 1st magnitude, and the 
satellite from the 2^ 5th to the 3rd magnitude. {Transact, of 
the Royal Soc. ofEdinh., vol. xvi. 1849, p. 451.) 
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pass all the other double stars in brilliancy. As in (^ Bootis, 
80 also in a Centanri and y Leonis, we observe the rare 
combination of two great stars with only a slightly different 
intensity of light. 

No -onanimity of opinion yet prevails respecting the vari- 
able brightness in midtiple stars, and especially in that of 
companions. We bave already ^ several times made men- 
tion of the 4Bomewhat irregular variability of lustre in the 
orange-coloured principal star in a, Herculis. Moreover, the 
fluctuation in the brightness of the nearly equal yellowish 
stars (of the 3rd magnitude) constituting the double star 
y Virginiß «nd Anon. 2718, observed by Struve, (1831-1833,) 
probably indicates a very slow rotation of both suns upon 
their axes.** Whether any actual change of colour has ever 
taken place in double stars (as, for instance, in y Leonis and 
y Delphini); whether their white light becomes coloured, 
and on the other hand, whether the coloured light of the 
isolated Sirius has become white, still remain undecided 
questions." Where the disputed differences refer only to 
fiiint tones of colour, we should take into consideration the 
power of vision of the observer, and if refractors have not 
been employed, the frequently reddening influence of the 
metallic speculum. 

Among the multiple sptems we may cite as ternaries, 
i LibrcB, ^ Cancri, 12 Lyncis, 11 Monoc); as quaternaries 
102 and 2681 of Struve's Catalogue, a Andromedse, t Lyree : 
in G Ononis, the famous trapezium of the greater nebula of 
Orion, we have a combination of six, — probably a system 
subject to peculiar physical attraction, nnce the Ave smaller 
stars (6'3m.; 7m.; 8m.; 11 '3m.; and 12m.) follow the proper 
motion of the principal star 4* 7m. No change in their rela- 

^ Cosmos, vol. iii. p. 224 and note. 

*• Struve, über DoppehL nach Dorp. Beoh.j ft. 38. 

" lUd,, s. 3^. 
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tive positions has yet been observed.^ In the ternary com- 
binations of i LibrsB and ^ Cancri, tiie periodical movement 
of the two companions has been recognized with great cer- 
tainty. The latter system consists of three stars of the 
3rd magnitude, differing very little in brightness, and the 
nearer companion appears to have a motion ten times more 
rapid than the remoter one. 

The number of the double stars, the elements of whose 
orbits it has been found possible to determine, is at present 
stated at from fourteen to sixteen.^ Of these { Herculis 
has twice completed its orbit since the epoch of its first 
discovery, and during this period has twice (1802 and 1831) 
presented the phenomenon of the apparent occultation of 
one fixed star by another. For the earliest calculations of 
the orbits of double stars, we are indebted to the industry of 
Savary (^ Ursse Maj.), Encke (70 Ophiuchi), and Sir John 
Herschel. These have been subsequently followed by Bessel, 
Struve, Madler, Hind, Smyth, and Captain Jacob. Savary's 
and £ncke*s methods require four complete observations, 
taken at sufficient intervals from each other. The shortest 
periods of revolution are thirty, forty-two, fifty-eight, and 
seventy-seven years ; consequently, intermediate between the 
periods of Saturn and Uranus ; the longest that have been 
determined with any degree of certainty exceed five hundred 
years, that is to say, are nearly equal to three times the period 
of Le Yerrier's Neptune. The eccentricity of the elliptical 
orbits of the double stars, according to the investigationB 
hitherto made, is extremely considerable; resembling that of 
comets, increasing frcmi 0*62 {e OoronsB), up to 0*95 (« Ce&- 
tauri). The least eccentric interior comet— 4hat of Fa3re— 

^ Madler, Astr., s. 517. Sir John Herschel, Outl,, p. 568. 

^^ Compare Madler, Untersuch, über die Fixstern- Systeme^ 
th. i. s. 225-275; th. ii. s. 235-240; and Ida Astr,, s. 541. 
Sir John Herschel, OutL, p. 573. 
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has au eccentricity of 0*55, or less than that of the orbits of 
the two double stars just mentioned. According to Madler's 
and Hind's calculations, 17 Coronse and Castor exhibit much 
less eccentricity, which in the former is 0*29, and in the latter 
0-22 or 0*24. In these double stars the two suns describe 
ellipses which come very near to those of two of the smaller 
principal planets in our solar system, the eccentricity of 
the orbit of Pallas being 0*24, and that of Jimo, 0'25. 

If, with Encke, we consider one of the two stars in a binary 
system, the brighter, to be at rest, and on this supposition 
refer to it the motion of the companion, then it follows from 
the observations hitherto made that the companion describes 
round the principal star a conic section, of which the latter 
is the focus; namely, an ellipse in which the radius vector 
of the revolving cosmical body passes over equal superficial 
areas in equal times. Accurate measurements of the angles 
of position and of distances, adapted to the determination of 
orbits, have already shown, in a considerable number of 
double stars, that the companion revolves round the princi- 
pal star considered as stationary, impelled by the same gra- 
vitating forces which prevail in our own solar system. This 
firm conviction, which has only been thoroughly attained 
within the last quarter of a century, marks a great epoch in 
the history of the development of higher cosmical knowledge. 
Cosmical bodies, to which long use has still preserved the 
name oi fixed stars, although they are neither rivetted to 
the vault of heaven nor motionless, have been observed 
to occult each other. The knowledge of the existence of 
partial systems of independent motion tends the more to 
enlarge our view, by showing that these movements are 
themselves subordinate to more general movements animat- 
ing the regions of space. 
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Elements of the Orbits of Double Stars. 



Name. 


Semi-Migor 
Axis. 


Eccentricity. 


Period of 

Revolution 

in yean. 


Calculator. 


(1) K XTrsae M^. 


S-'SoT 


0*4164 


58-262 


Savary 1880 




8'-278 
2''-295 


0-3777 
0-4037 


60-720 
61-300 


John Herschel 
Tables of 1849 
Mädler 1847 


(2) p Ophiuchi ... 


4''-328 


0-4300 


73-862 


Encke 1832 


(3) K Herculis ... 


l"-208 


0-4320 


30-22 


MUdler 1847 


(4) Castor 


6'"692 


0-7682 
0-2194 


252-66 
519-77 


John Herschel 
Tables of 1849 
Mädler 1847 




6"-300 


0-2405 


632-27 


Hind 1849 


(5) 7 Virginia ... 


3"*580 
3''-863 


0-8795 
0-8806 


182-12 
169-44 


John Herschel 
Tables of 1849 
Mädler 1847 


(6) a Oentauri ... 


15''-500 


0-9500 


77-00 


Captain Jacob 
1848 
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Achromatic telescopes, 82. 

Adalbert, Prince, of Prussia, his 
observations on the undulation 
of the stars, 76. 

Alcor, a star of the constellation 
Ursa Major, employed by the 
Persians as a test of vision, 61, 
272. 

Alcyone, one of the Pleiades, ima- 
gined the centre of gravity of the 
solar system by Madler, 269. 

Alphonsine tables, date of their 
construction, 204. 

Anaxagoras of Clazomense, his the- 
ory of the world-arranging intel- 
ligence, 9 ; origin of the modern 
theories of rotatory motion, 10. 

Andromeda's girdle, nebula in, 192. 

Arago, M., letters and communica- 
tions of, to M. Humboldt, 57, 
61, 87, 88, 96, 128, 282; on the 
effect of telescopes on the visi- 
bility of the stars, 88 ; on the 
velocity of light, 106, 111; on 
photometry, 123, 128; his cyano- 
meter, 129. 

Aratus, a fragment of the work of 
Hipparchus preserved in, 147. 

Archimedes, his " Arenarius," 35. 

Arcturus, true diameter of, 118. 

Argelander, his view of the number 
of the fixed stars, 141 ; his addi- 
tions to Bessel's catalogue, 155 ; 
on periodically variable stars, 
224. 

17 Argus, changes in colour and 
brilliancy of, 183, 241. 

Aristotle, his distinct apprehension 
of the unity of nature, 11 — 14; 
his defective solution of the pro- 
blem, 14 ; doubts the infinity of 
space, 34 ; his idea of the genera- 
tion of heat by the movement of 
the spheres^ 166. 

u 



Astrognosy, the domain of the fixed 
stars, 30. 

Astronomy, the observation of 
groups of fixed stars, the first 
step in, 158 ; very bright single 
stars, the first named, 119. 

Atmosphere, limits of the, 49 ; 
effects of an untransparent, 139. 

Augustine, St., cosmical views of, 
167. 

Autolycus of Pitane, era of, 119. 

Auzottt's object-glasses, 80. 

Bacon, Lord, the earliest views on 
the velocity of light found in his 
" Novum Organum," 105. 

Baily, Francis, his revision of De 
Lalande's Catalogue, 155. 

Bayer's lettering of the stars of any 
constellation not an evidence of 
their relative brightness, 132. 

Berard, Captain, on the change of 
colour of the star y Crucis, 183. 

Berlin Academy, star-maps of the, 
155. 

Bessel, on repulsive force, 41 ; his 
star-maps have been the principal 
means of the recognition of seven 
new planets, 156 ; calculation of 
the orbits of double stars by, 287. 

Binary stars, 271. 

Blue stars, 183 ; less frequent than 
red, 285. 

Blue and green suns, the probable 
cause of their colour, 283. 

Bond, of the Cambridge Observa- 
tory, United States, his resolu- 
tion of the nebula in Andro- 
meda's girdle into small stars, 
192. 

Brewster, Sir David, on the dark 
lines of the prismatic spectra, 55. 

British Association, their edition of 
Lalande's Catalogue, 155. 
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miukm of, 114. 
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Elements, Indian origin of the hy- 

potbeiis of four or five, 9. 
Emanations from the head of some 

comets, 47. 



the Balin Academy, 1^6-, an 
earl; calcolator of the orbita of 
donble stara, '267 ; hia theory of 
(heir motion, 2S8. 

Encke'a comet, consideralians on 
space, derived from perioda of 
rerolulioD of, X6 ; a retieüng 
medium proved from obaenation 
on, 47. 

Ether, different meaninga of, in the 
East and the We>t. 3G, 37. 

Ether iAki'ta, in Sanicrit), one of 
tiie Indian five elements, 36. 

Ether, the, fiery, 42. 

Eoler'i comparadTe eatimate of the 
light of the sun and moon, 177. 

Filed start, the term errooeoDs, 30, 
164; tdntiUation of the, »6 ; va- 
riatioDS in ita intensity, 101 ; our 
nn one of the Winter (iied atara, 
137; photometric arrangement of, 
132; their number. 111 ; number 
Tiaible at Berlin »ith the naked 
eye, 143 ; at Alciandria, U4 
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dateofthe,160, 162. 

Green and blue anns, 2»3. 

Groups of filed atara, recognised 
even by the rudest nations, 157; 
usually the aame groups, as the 
Pleiadea, the Great Bear, the 
Sonttaem Croaa, &c., 15S. 

Halley asserted the motion of Siriua 
and other filed itars, 30. 

HassenfratE, hii deacripiion of the 
rays of start as cauatlca un the 
cryatallioe lena, 66, 171. 

Heat, radiating, 41. 

Uepidannna, monk of Saint GaU, 
a new star recorded by, 213, 220. 

Beruhe!, Sir William, on the Tiri- 

^ng action of the sun's raja, 40; 

Üt eatimala of the number of the 

I fixed itart, 1A7; his "gauging 

I the beaient," and ita ntult, 187. 
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lerschel, Sir John, on the trans- 
mission of light, 34; on the in- 
fluence of the sun's rays, 40; 
compares the sun to a perpetual 
northern light, 40; on the atmo- 
sphere, 45; on the blackness of 
the ground of the heavens, 47; 
on stars seen in daylight, 73 ; on 
photometry, 125 ; photometric 
arrangement of the fixed stars, 
132; on the number of stars 
actually registered, 142; on the 
cause of the red colour of Sirius, 
177; on the Milky Way, 196; 
on the sun's place, 203; on the 
determined periods of variable 
stars, 225; number of double 
stars the elements of whose orbits 
have been determined, 287. 
Hieroglyphical signification of a 
star, according to Horapollo, 173. 
Hind's discovery of a new reddish- 
yellow star of the 5th magnitude, 
in Ophiuchus, 217; has since 
sunk to the 11th magnitude, 
217; calculation of the orbits of 
double stars by, 287. 
Hipparchus, on the number of the 
Pleiades, 60; his catalogue con- 
tains the earliest determination 
of the classes of magnitude of the 
stars, 120; a fragment of his 
work preserved to us in Aratus, 
147. 
Holtzmann, on the Indian zodiacs, 

163. 
Homer, not an authority on the 
state of Greek astronomy in his 
day, 160, 166. 
Humboldt, Alexander von, works 
of, quoted in various notes: — 
Ansichten der Natur, 105. 
Asie Centrale, 150. 
Essai sur la Geographie des 

Plantes, 75. 
Examen critique de THistoire 

de la Geographie, 61, 151. 
Lettre ä M. Schumacher, 123, 
185. 



Recueil d'Observations Astro- 

nomiques, 54, 59, 123. 
Relation Historique du Voyage 
aux Regions ^uinoxiales, 72, 
75, 105, 123. 
Vue des Cordilleres et Monu- 
mens des Peuples indigenes 
de TAmerique, 162, 180. 
Humboldt, Wilhelm von, quoted, 28. 
Huygens, Christian, his ambitious 
but unsatisfactory Cosmotheus, 
22; examined the Milky Way, 
195. 
Huygens, Constantine, his improve- 
, ments in the telescope, 80. 
Hveigelmir, the cauldron-spring of 
the Edda-Songs, 5. 

Indian fiction regarding the stars of 
the Southern hemisphere, 187. 

Indian theory of the five elements 
(PantschatA), 36. 

Indian zodiacs, their high antiquity 
doubtful, 163. 

Jacob, Capt., on the intensity of 
light in the Millgr Way, 198; 
calculation of the orbits of double 
stars, by, 287. 

Joannes Philoponus, on gravitation, 
19. 

Jupiter's satellites, estimate of the 
magnitudes of, 64 ; case in which 
they were visible by the naked 
eye, 66; occultations of^ observed 
by daylight, 80. 

Kepler, his approach to the mathe- 
matical application of the theory 
of gravitation, 18; rejects the 
idea of solid orbs, 169. 

Lalande, his Catalogue, revised by 

BaUy, 155. 
Lassers telescope^ discoveries made 

by means of, 85. 
Lepsius, on the Egyptian name 

(Sothis) of Sinus, 180. 
Leslie's photometer, defects of, 129. 
Libra, the constellation, date of its 
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introduction into the Greek 
sphere, 162. 

Lightj alvrays refracted, 54; pris- 
matic spectra differ in number of 
dark lines according to their 
source, 55, 56; polarisation of, 
57; velocity of, 105; ratio of 
solar^ lunar, and stellar, 126; 
variation of, in stars of ascer- 
tained and unascertained period- 
icity, 228, 240. 

Light of the sun and moon, Euler's 
and Michelo's estimates of the 
comparative, 127. 

Limited transparency of the celestial 
regions, 46. 

Macrobius, " Sph»ra aplanes** of, 
31. 

Mädler, on Jupiter's satellites, 67; 
on the determined periods of 
variable stars, 225; on future 
polar stars, 245; on non-lumi- 
nous stars, 255 ; on the centre of 
gravity of the solar system, 269. 

Magellanic clouds, knovrn to the 
Arabs, 122. 

Magnitude of die stars, classes of, 
120, 12L 

Malus, his discoveries regarding 
light, 57. 

''Mappa coelestis'' of Schwinck, 
189. 

Ma-tuan-Un, a Chinese astrono- 
mical record of, 146. 

Mayer, Christian, the first special 
observer of the fixed stars, 275. 

Melville Island, temperature of, 43. 

Michell, John, 126; applies the 
calculus of probabilities to small 
groups of stars, 274; little re- 
liance to be placed in its indivi- 
dual numerical results, 275. 

Michelo's comparative estimate of 
the light of the sun and moon, 
177. 

Milky Way, average number of stars 
in, and beyond the, according to 
Struve, 188; intensity of its light 
in the vicinity of Üie Southern 



Cross, 198; its course and direc- 
tion, 199; most of the new stars 
have appeared in its neighbour- 
hood, 220. 

Morin proposes the application of 
the telescope to the discovery of 
the stars in daylight, 51, 86. 

Motion, proper, of the fixed stars, 
248; variability of, 252. ' 

Multiple stars, 175, 271; variable 
brightness of, difference of opinion 
regarding, 286. 

Nebulae, probably closely crowded 
stellar swarms, 44. 

Neptune, the planet, its orbit used 
as a measure of distance of 61 
Cygni, 277. 

New stars, 204; their small num- 
ber, 204 ; Tycho Brahe's descrip- 
tion of one, 205; its disappear- 
ance, 206; speculations as to 
their origin, 218; most have ap- 
peared near the Milky Way, 
220. 

Newton, embraces by his theory of 
gravitation the whole uranological 
portion of the Cosmos, 23. 

Non-luminous stars, problematical 
existence of, 254. 

Numerical results, exceeding the 
grasp of the comprehension, fur- 
nished alike by the minutest 
organisms and the so-called fixed 
stars, 34; encouraging views on 
the subject, 35. 

Optical and physical double stan, 
272; often confounded, 272. 

Orbits of double stars, calculation 
of the, 287; their great eccentri- 
city, 287; hypothesis, that the 
brighter of the two stars is at 
rest, and its companion revolves 
about it, probably correct, and a 
great epoch in cosmical know- 
ledge, 288. 

Orion, the six stars of the trapezium 
of the nebula of, probably subject 
to peculiarphysical attraction« 287. 
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Pantschati, or Pantschatra, the 
Indian theory of the five elements, 
36. 

Parallax, means of discovering the, 
pointed out by Galileo, 256; 
number of parallaxes hitherto 
discovered, 258; detail of nine 
of the best ascertained, 259. 

Penetrating power of the telescope, 
196. 

Periodically changeable stars, 222. 

Periods within periods of varia- 
able stars, 228; Argelander on, 
228. 

Pern, climate of, unfavourable to 
astronomical observations, 139. 

Peters, on parallax, 261. 

Photometric relations of self-lumi- 
nous bodies, 119; scale, 132. 

Photometry, yet in its infancy, 125; 
first numerical scale of, 126; 
Arago's method, 128. 

Plato, on ultimate principles, 11. 

Pleiades, one of the, invisible to the 
naked eye of ordinary visual 
power, 60; described, 191. 

Plmy estimates the number of stars 
visible in Italy at only 1600, 
145. 

Poisson, his view of the consolida- 
tion of the earth's strata, 44. 

Polarisation of light, 57 — 60. 

Poles of greatest cold, 43. 

Pouillet's estimate of the tempe- 
rature of space, 43. 

Prismatic spectra, 55; difference of 
the dark lines of, 56. 

Ptolemy, his classification of the 
stars, 120; southern constella- 
tions known to, 185. 

Pulkowa, number of multiple stars 
discovered at, 279. 

Pythagoreans, mathematical sym- 
bolism of the, 10. 

Quaternary systems of stars, 286. 

Radiating heat, 41. 
Ratio of various colours among the 
multiple and double stars, 285. 



Rays of stars, 66, 171 ; number of, 
indicate distances, 173; disappear 
when the star is viewed through a 
very small aperture, 173. 

Red stars, 176 ; variable stars mostly 
red, 224. 

Reflecting sextants applied to the 
determination of the intensity of 
stellar light, 123. 

Reflecting and refracting telescopes, 
82. 

Regal stars of the ancients, 184. 

Resisting medium, proved by obser- 
vations on Encke's and other 
comets, 47. 

Right ascension, distribution of 
stars according to, by Schwinck, 
189. 

Rings, coloured, measurement of 
the intensity of light by, 1 28. 

Rings, concentric, of stars, the hy- 
pothesis of, favoured by the most 
recent observations, 201. 

Rosse's, Lord, his great telescope, 
85 ; its services to astronomy, 85. 

Ruby-coloured stars, 183. 



Saint Gall, the monk of, observed 
a new star distant from the 
Milky Way, 220. 

Saussure asserts that stars may be 
seen in daylight on the Alps, 74 ; 
the assertion not supported by 
other travellers' experience, 75. 

Savary, on the application of the 
aberration of light to the deter- 
mination of the parallaxes, 264 ; 
an early calculator of the orbits 
of double stars, 287. 

Schlegel, A. W. von, probably mis- 
taken as to the high antiquity of 
the Indian zodiacs, 163. 

Schwinck, distribution of the fixed 
stars in his '* Mappa coelestis," 
189. 

Scintillation of the stars, 96 ; varia- 
tions in its intensity, 101; men- 
tioned in the Chinese ..records, 
103; little observed in tropical 
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regions, 103; always accompanied 
by a change of colour, 275. 

Seidel, his attempt to determine the 
quantities of light of certain stars 
of the 1st magnitude, 124. 

Self'luminous cosmical bodies, or 
sans, 271. • 

Seneca, on discovering new planets, 
31. 

Simplicius, the Eclectic, contrasts 
the centripetal and centrifugal 
forces, 10; bis vague view of gra- 
vitation, 18. 

Sirius, its absolute intensity of 
light, 127; historically proved to 
have changed its colour, 177; its 
assodation with the earliest de- 
velopment of civilization in the 
valley of the Nile, 179; etymolo- 
gical researches concerning, 180. 

Smyth, Capt. W. H., calculations 
of the orbits of double stars by, 

287. 

Sm3rth, Piazzi, on the Milky Way, 
199; on a Centauri, 252. 

Sothis, the Egyptian name of Sirius, 
179. 

South, Sir James, observation of 
380 double stars by, in conjunc- 
tion with Sir John Herschel, 
279. 

Southern constellations known to 
Ptolemy, 185. 

Southern Cross, formerly visible on 
the shores of the Baltic, 186. 

Southern hemisphere, in parts re- 
markably deficient in constella- 
tions, 151 ; distances of its stars, 
first measured about the end of 
the 16th century, 187. 

Space, conjectures regarding, 33 ; 
compared to the mythic period of 
history, 33; fallacy of attempts 
at measurement of, 34; portions 
between cosmical bodies not void, 
36 ; its probable low tempera- 
ture, 42. 

Spectra, the prismatic, 55; dif- 
ference of the dark lines of, 
according to their sources, 56. 



** Sphseraaplanes' ' of Macrobius, 31. 

Spurious diameter of stars, 174. 

Star of the Magi, Tdeler's explana- 
tion of the, 208. 

Star of St. Catherine, 185. 

Star systems, partial, in which seve- 
ral suns revolve about a common 
centre of gravity, 277. 

Stars, division into wandering and 
non-wandering, dates at least from 
the early Greek period, 30; mag- 
nitude and visibility of the, 60; 
seen through shafts of chinmeys, 
73; undulation of the, 75; ob- 
servation of, by daylight, 86 ; 
scintillation of the, 96 ; variations 
in its intensity, 101; the brightest 
the earliest named, 119; rays of, 
66, 171—173; colour of, 175; 
distribution of, 189; concentric 
rings of, 201; variable, 218; 
vanished, 221 ; periodically 
changeable, 222 ; non-luminous, 
of doubtfiil existence, 254 ; ratio 
of coloured stars, 285. 

Steinheil's experiments on the velo- 
city of the transmission of elec- 
tricity, 116; his photometer, 124. 

Stellar clusters, or swarms, 189. 

Struve, on the velocity of light, 109 ; 
his estimate of the number of the 
fixed stars, 157; on the Milky 
Way, 188; his Dorpat tables, 
278; on Üie contrasted colours 
of multiple stars, 282; calcula- 
tion of tJie orbits of double stars 
by, 287. 

Sun, the, described as ''a perpetual 
northern light,*' by Sir William 
Herschel, 40 ; in intensity of 
light, merely one of the fainter 
fixed stars. 127; its place pro- 
bably in a comparatively desert 
region of the starry stratum, and 
eccentric, 203. 

Suns, self-luminous cosmical bodies, 
271. 

Table of photometric arrangement 
of 190 fixed stars, 134; of 17 
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6tars of Ist magnitude« 137 ; of 
the variable stars, by Argelander, 
232, and explanatory remarks, 
233 — 240; of ascertained paral- 
laxes, 262 ; of the elements of 
the orbits of double stars, 289. 

Telescope, the principle of, known 
to the ArabS; and probably to the 
Greeks and Romans« 53; disco- 
veries by its means, 78 ; succes- 
sive improvements of the, 80 ; 
enormous focal length of some, 
81 ; Lord Rosse' s, 85 ; Bacon's 
comparison of, to discovery ships, 
175 ; penetrating power of the, 
196. 

Telesio, Bernardino, of Cosenza, his 
views of the phenomena of inert 
matter, 16. 

Temperature, low, of celestial space, 
42 ; uncertainty of results yet 
obtained, 43 ; its influence on the 
climate of the earth, 45. 

Temporary stars, list of, 209 ; notes 
to, 210—217. 

Ternary stars, 286. 

Timur Ulugh Beig, improvements 
in practical astronomy in the 
time of, 121. 

Translation in space of the whole 
solar system, 265 ; first hinted 
by Bradley, 265 ; verified by 
actual observation by William 
Herschel, 266 ; Argelander, 
Struve, and Gauss's views, 266. 

Trapezium in the great nebula of 
Orion, investigated by Sir William 
Herschel, 276. 

Tycho Brahe, his vivid description 
of the appearance of a new star, 
205 ; his theory of the formation 
of such, 208. 

** Ultimate mechanical cause" of all 

motion^ unknown» 27. 
Undulation of the stars, 75. 
Undulations of rays of light, various 

lengths of, 112. 
Unity of nature distinctly taught by 

Aristotle, 11 — 14. 



Uranological and telluric domain of 

the Cosmos« 29. 
Uranus observed as a star taW^flSKu 

stead and others« 153. 



Vanished stars« 221 ; statements 
about such to be received with 
great caution« 221. 

Variable brightness of multiple and 
double stars, 285. 

Variable stars« 218 ; mostly of a. red 
colour« 224 ; irregularity of tHeir 
periods, 226 ; table of, 232. 

Velocity of light« 105 ; piethod^. of 
determining« 106 ; applied to the 
determination of the parallax, 265. 

Visibility of objects, 70 ; how modi- 
fied, 71. ' 

Vision« natural and telescopfcV 51 ; 
average natural« 60 ; remai^kttble 
instances of acute natural, 66« 70. 



Wheatstone's experiments with re« 
volving mirrors, 56 ; velocity of 
electrical light determined by« 
114. 

White Ox, name given to the nebula 
now known as one of the Magel- 
lanic clouds« 122. 

Wollaston's photometric researches« 
127. 

Wright« of Durham, his view of the 
origin of the form of the Müky 
Way, 201. 

Yggdrasil, the world-tree of the 
£dda- Songs« 4, 5. 

Zodiac, period of its introduotion ' 
into the Greek sphere, 160; its 
origin among the Chaldeans, 101; 
the Greeks borrowed from them 
only the idea of the divisioi^ and 
filled its signs with their Qwn 
catasterisms, 161 ; great antiqttity 
of the Indian very doubtfttt^ I63ii 

Zodiacal light, Sir John Uersc^Kpi 
tiie, 48. ..c.*;'T* 
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Bruno, Giordano, bis cosmical views, 
17 ; his martyrdom, 17. 

Busch, Dr., his estimate of the ve- 
locity of light incorrect, 109. 

Catalogues, astronomical, their great 
importance, 153; future disco- 
veries of planetary bodies mainly 
dependent on their completeness, 
153; list of, 154; Halley's, Flam- 
stead's, and others, 154 ; La- 
lande's, Harding's, Bessi^l's, 155. 

Catasterisms of Eratosthenes, 119. 

a Centauri, Piazzi Smyth on, 1U8, 
252 ; the nearest of the fixed 
stars that have yet been mea- 
sured, 261. 

Central body for the whole sidereal 
heavens, existence of, doubtful, 
268. 

Chinese Record of extraordinary 
stars (of Ma-tuan-lin), 146, 210 
— 215 ; deserving of confidence, 
219. 

Clusters of stars, or stellar swarms, 
189 ; list of the principal, 191 . 

Coal -sacks, a portion of the Milky 
Way in the southern hemisphere 
so called, 185. 

Coloured rings afford a direct mea- 
sure of theintensity of light, 128. 

Coloured stars, 175 ; evidence of 
change of colour in some, 177 ; 
Sir John Herscher« hypothesis, 
177 ; difference of colour usually 
accompanied by difference of 
brightness, 285. 

Comets, information regardine^ celes- 
tial space, derived from observa- 
tion on, 36, 47 ; number of visi- 
ble ones, 204. 

Concentric rings of stars, a view 
favoured by recent observation, 
201. 

Constellations, arrangement of stars 
into, very gradual, 160 

Contrasted colours of double stars, 
282. 

Cosmical contemplation, extension 
of, in the middle ages, 16. 



Cosmical vapour, question as to 
condensation of, 44 ; Tycho 
B^ahe's and Sir William Her- 
schel's theories, 208. 

** Cosmos," a pseudo- Aristotelian 
work, 16. 

Crystal vault of heaven, date of the 
designation^ 165 ; its signification 
according to Empedocles, 165 ; 
the idea favoured by^he Fathers 
of the Church, 168. 

Cyanometer, Arago's, 129. 



Dark cosmical bodies, question of, 
222, 255. 

Delambre, on the velocity of light, 
108. 

Descartes, his cosmical views, 21 ; 
suppresses his work from defer« 
ence to the Inquisition, 21. 

Dioptric tubes, the precursors of 
the telescope, 53. 

Direct and reflected light, 57. 

Distribution of the fixed stars, ac- 
cording to right ascension, 189. 

Dorpat table (Struve's) of multiple 
stars, 278. 

Double stars, the name too indis- 
criminately applied, 271; distri- 
bution into optical and physical, 
272 ; pointed out by Galileo as 
useful in determining the parallax, 
272 ; vast increase in their ob- 
served number, 273, 279 ; those 
earliest described, 273 ; number 
in which a change of position has 
been proved, 280 ; greater num- 
ber of double stars in the north- 
em than in the southern hemi- 
sphere, 281 ; occurrence of con- 
trasted colours, 282 ; calculation 
of their orbits, 287 ; table of the 
elements, 289. 

Earth-animal, Kepler and Fludd's 
fancies regarding the, 20. 

Edda- Songs, allusion to, 4, 5. 

Egypt, Zodiacal constdlations of, 
their date> 163. 
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Egyptian calendar, period of the 
complete arrangement of the, 179. 

£hrenberg, on the incalculable num- 

, ber of animal organisms, 35. 

Electrical light, velocity of trans- 
mission of, 114. 

Electricity, transmission of, through 
the earth, 117. 

Elements, Indian origin of the hy- 
pothesis of four or five, 9. 

Emanations from the head of some 
comets, 47. 

Encke, his accurate calculation of 
the equivalent of an equatorial 
degree, 107 ; on the star-maps of 
the Berlin Academy, 156 ; an 
early calculator of the orbits of 
double stars, 287 ; his theory of 
their motion, 288. 

Encke's comet, considerations on 
space, derived from periods of 
revolution of, 36 ; a resisting 
medium proved from observation 
on, 47. 

Ether, different meanings of, in the 
East and the West, 36, 37. 

Ether {Akä*8a, in Sanscrit), one of 
the Indian five elements, 36. 

Ether, the, fiery, 42. 

Euler's comparative estimate of the 
light of the sun and moon, 177. 

Fixed starSy the term erroneous, 30, 
164; scintillation of the, 96 ; va- 
riations in its intensity, 101 ; our 
sun one of the fainter fixed stars, 
127; photometric arrangement of, 
132; their number, 141 ; number 
visible at Berlin with the naked 
eye, 143 ; at Alexandria, 144 ; 
Struve and Herschel's estimates, 
157 ; grouping of the, 157 ; distri- 
bution of the, 189; proper motion 
of the, 248 ; parallax, 256 ; num- 
ber of, in which proper motion 
has been discovered, greater than 
of those in which change of posi- 
tion has been observed, 281. 

Fizeau, M., his experiments on the 
velocity of light, 107, 110. 



Formula for computing variation of 
light of a star, by Argelander, 228. 

Galactic circle, average number of 
stars in, and beyond the, 188. 

Galileo indicates the means of dis- 
covering the parallax, 256. 

Galle, Dr., on Jupiter's satellites, 
64 ; on the photometric arrange- 
ment of the fixed stars, 132. 

Garnet star, the, a star in Cepheus, 
so called by William Herschel, 
225. 

Gascoigne applies micrometer 
threads to the telescope, 52 

Gauging the heavens, by Sir William 
Herschel, 187 ; length of time 
necessary to complete the pro- 
cess, 187. 

Gauss, on the point of translation 
in space of the whole solar sys- 
tem, 266. 

Gilliss, Lieutenant, on the change 
of colour of the star rj Argus, 
183. 

Gravitation, not an essential pro- 
perty of bodies, but the result of 
some higher and still unknown 
power, 24. 

Greek sphere, date of the, 160, 162. 

Green and blue suns, 283. 

Groups of fixed stars, recognised 
even by the rudest nations, 157; 
usually the same groups», as the 
Pleiades, the Great Bear, the 
Southern Cross, &c., 158. 

Halley asserted the motion of Sinus 
and other fixed stars, 30. 

Hassenfratz, his description of the 
rays of stars as caustics on the 
crystalline lens, 66, 171. 

Heat, radiating, 41. 

Hepidannus, monk of Saint Gall, 
a new star recorded by, 213, 220. 

Herschel, Sir William, on the vivi- 
fying action of the sun's rays, 40; 
his estimate of the number of the 
fixed stars, 157; his ''gauging 
the heavens,'' and its result, 187. 
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lerschel, Sir John, on the trans- 
mission of light, 34; on the in- 
fluence of the sun's rays, 40; 
compares the sun to a perpetual 
northern light, 40; on the atmo- 
sphere, 45; on the blackness of 
the ground of the heavens, 47; 
on stars seen in daylight, 73 ; on 
photometry, 125 ; photometric 
arrangement of the fixed stars, 
132; on the number of stars 
actually registered, 142; on the 
cause of the red colour of Sirius, 
177; on the Milky Way, 196; 
on the sun's place, 203 ; on the 
determined periods of variable 
stars, 225; number of double 
stars the elements of whose orbits 
have been determined, 287. 
Hieroglyphical signification of a 
star, according to HorapoUo, 173. 
Hind's discovery of a new reddish, 
yellow star of the 5th magnitude, 
in Ophittchus, 217; has since 
sunk to the 11th magnitude, 
217; calculation of the orbits of 
double stars by, 287. 
Hipparchus, on the number of the 
Pleiades, 60; his catalogue con- 
tains the earliest determination 
of the classes of magnitude of the 
stars, 120; a fragment of his 
work preserved to us in Aratus, 
147. 
Holtzmann, on the Indian zodiacs, 

163. 
Homer, not an authority on the 
state of Greek astronomy in his 
day, 160, 166. 
Humboldt, Alexander von, works 
of, quoted in various notes : — 
Ansichten der Natur, 105. 
Asie Centrale, 150. 
Essai sur la Geographie des 

Plantes, 75. 
Examen critique de THistoire 

de la Geographie, 61, 151. 
Lettre ä M. Schumacher, 123, 
185. 



Recueil d'Observations Astro« 

nomiques, 54, 59, 123. 
Relation Historique du Voyage 
aux Regions equinoxiales, 72, 
75, 105, 123. 
Vue des Cordilleres et Monu- 
mens des Peuples indigenes 
de TAmerique, 162, 180. 
Humboldt, Wilhelm von, quoted, 28. 
Huygens, Christian, his ambitious 
but unsatisfactory Cosmotheus, 
22; examined the Milky Way, 
195. 
Huygens, Constantine, his improve« 
, ments in the telescope, 80. 
Hveigelmir, the cauldron-spring of 
the Edda-Songs, 5. 

Indian fiction regarding the stars of 
the Southern hemisphere, 187. 

Indian theory of the five elements 
(PantschatA), 36. 

Indian zodiacs, their high antiquity 
doubtful, 163. 

Jacob, Capt., on the intensity of 
light in the MiU^ Way, 198; 
calculation of the orbits of double 
stars, by, 287. 

Joannes Philoponus, on gravitation, 
19. 

Jupiter's satellites, estimate of the 
magnitudes of, 64 ; case in which 
they were visible by the naked 
eye, 66; occultations of, observed 
by daylight, 80. 

Kepler, his approach to the mathe- 
matical application of the theory 
of gravitation, 18; rejects the 
idea of solid orbs, 169. 

Lalande, his Catalogue, revised by 

BaUy, 155. 
Lassel's telescope^ discoveries made 

by means of, 85. 
Lepsius, on the Egyptian name 

(Sothis) of Sirius, 180. 
Leslie's photometer, defects of, 129. 
Libra, the constellation, date of its 
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introduction into the Greek 
sphere, 162. 

Lightj always reAracted, 54; pris- 
matic spectra differ in number of 
dark lines according to their 
source, 55, 56; polarisation of, 
57; velocity of, 105; ratio of 
solar, lunar, and stellar, 126; 
variation of, in stars of ascer- 
tained and unascertained period- 
icity, 228, 240. 

Light of the sun and moon, Euler's 
and Michelo's estimates of the 
comparative, 127. 

Limited transparency of the celestial 
regions, 46. 

Macrobius, ** Sphsera aplanes" of, 
31. 

Madler, on Jupiter's satellites, 67; 
on the determined periods of 
variable stars, 225; on future 
polar stars, 245; on non-lumi- 
nous stars, 255 ; on the centre of 
gravity of the solar system, 269. 

Magellanic clouds, known to the 
Arabs, 122. 

Magnitude of die stars, classes of, 
120, 12L 

Malus, his discoveries regarding 
light, 57. 

"Mappa coelestis" of Schwinck, 
189. 

Ma-tuan-lin, a Chinese astrono- 
mical record of, 146. 

Mayer, Chrfstian, the first special 
observer of the fixed stars, 275. 

Melville Island, temperature of, 43. 

Michell, John, 126; applies the 
calculus of probabilities to small 
groups of stars, 274; little re- 
liance to be placed in its indivi- 
dual numerical results, 275. 

Michelo's comparative estimate of 
the light of the sun and moon, 
177. 

Milky Way, average number of stars 
in, and beyond the, according to 
Struve, 188; intensity of its light 
in the vicinity of the Southern 



Cross, 198; its course and direc- 
tion, 199; most of the new stars 
have appeared in its neighbour- 
hood, 220. 

Morin proposes the application of 
the telescope to the discovery of 
the stars in daylight, 51, 86. 

Motion, proper, of the fixed stars, 
248; variability of, 252. ' 

Multiple stars, 175, 271; variable 
brightness of, difference of opinion 
regarding, 286. 

Nebulae, probably closely crowded 
stellar swarms, 44. 

Neptune, the planet, its orbit used 
as a measure of distance of 61 
Cygni, 277. 

New stars, 204; their small num- 
ber, 204 ; Tycho Brahe's descrip- 
tion of one, 205; its disappear- 
ance, 206; speculations as to 
their origin, 218; most have ap- 
peared near the Milky Way, 
220. 

Newton, embraces by his theory of 
gravitation the whole uranological 
portion of the Cosmos, 23. 

Non -luminous stars, problematical 
existence of, 254. 

Numerical results, exceeding the 
grasp of the comprehension, fur- 
nished alike by the minutest 
organisms and the so-called fixed 
stars, 34; encouraging views on 
the subject, 35. 

Optical and physical double stan, 
272; often confounded, 272. 

Orbits of double stars, calculation 
of the, 287 ; their great eccentri- 
city, 287; hypothesis, that the 
brighter of the two stars is at 
rest, and its companion revolves 
about it, probably correct, and a 
great epoch in cosmical know- 
ledge, 288. 

Orion, the six stars of the trapezium 
of the nebula of, probably subject 
to peculiar physical attraction, 287. 



C 6 ] 



Pantschatft, or Pantschatra, the 
Indian theory of the five elements, 
36. 

Parallax, means of discovering the, 
pointed out by Galileo, 256; 
number of parallaxes hitherto 
discovered, 258; detail of nine 
of the best ascertained, 259. 

Penetrating power of the telescope, 
196. 

Periodically changeable stars, 222. 

Periods within periods of varia- 
able stars, 228; Argelander on^ 
228. 

Peru, climate of, unfavourable to 
astronomical observations, 139. 

Peters, on parallax, 261. 

Photometric relations of self-lumi- 
nous bodies^ 119; scale, 132. 

Photometry, yet in itsinfancy^ 125; 
first numerical scale of, 126; 
Arago's method, 128. 

Plato, on ultimate principles, 11. 

Pleiades, one of the, invisible to the 
naked eye of ordinary visual 
power, 60; described, 191. 

Plmy estimates the number of stars 
visible in Italy at only 1600, 
145. 

Poisson, his view of the consolida- 
tion of the earth's strata, 44. 

Polarisation of light, 57 — 60. 

Poles of greatest cold, 43. 

Pouillet's estimate of the tempe- 
rature of space, 43. 

Prismatic spectra, 55; difference of 
the dark lines of, 56. 

Ptolemy, his classification of the 
stars, 120; southern constella- 
tions known to, 185. 

Pulkowa, number of multiple stars 
discovered at, 279. 

Pythagoreans, mathematical sym- 
bolism of the, 10. 

Quaternary systems of stars, 286. 

Radiating heat, 41. 
Ratio of various colours among the 
multiple and double stars, 285. 



Rays of stars, 66, 171 ; number of, 
indicate distances, 173; disappear 
when the star is viewed through a 
very small aperture, 173. 

Red stars, 176 ; variable stars mostly 
red, 224. 

Reflecting sextants applied to the 
determination of the intensity of 
stellar light, 123. 

Reflecting and refracting telescopes^ 
82. 

Regal stars of the ancients, 184. 

Resisting medium, proved by obser- 
vations on Encke's and other 
comets, 47. 

Right ascension, distribution of 
stars according to, by Schwinck, 
189. 

Rings, coloured, measurement of 
the intensity of light by, 128. 

Rings, concentric, of stars, the hy- 
pothesis of, favoured by the most 
recent observations, 201. 

Rosse' s. Lord, his great telescope, 
85 ; its services to astronomy, 85. 

Ruby-coloured stars, 183. 



Saint Gall, the monk of, observed 
a new star distant from the 
Milky Way, 220. 

Saussure asserts that stars may be 
seen in daylight on the Alps, 74 ; 
the assertion not supported by 
other travellers' experience, 75. 

Savary, on the application of the 
aberration of light to the deter- 
mination of the parallaxes, 264 ; 
an early calculator of the orbits 
of double stars, 287. 

Schlegel, A. W. von, probably mis- 
taken as to the high antiquity of 
the Indian zodiacs, 163. 

Schwinck, distribution of the fixed 
stars in his " Mappa coelestis," 
189. 

Scintillation of the stars, 96 ; varia- 
tions in its intensity, 101 ; men- 
tioned in the Chinese «records, 
103; little observed in tropical 
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regions, 103; always accompanied 
by a change of colour, 275. 

Seidel; his attempt to determine the 
quantities of light of certain stars 
of the 1st magnitude, 124. 

Self-luminous cosmical bodies, or 
suns, 271. * 

Seneca, on discovering new planets, 
31. 

Simplicius, the Eclectic, contrasts 
the centripetal and centrifugal 
forces, 10; his vague view of gra- 
vitation, 18. 

Sinus, its absolute intensity of 
light, 127; historically proved to 
have changed its colour, 177; its 
association with the earliest de- 
velopment of civilization in the 
valley of the Nile, 179; etymolo- 
gical researches concerning, 180. 

Smyth, Capt. W. H., calculations 
of the orbits of double stars by, 
287. 

Sm3rth, Piazzi, on the Milky Way, 
199; on a Centauri, 252. 

Sothis, the Egyptian name of Sirius, 
179. 

South, Sir James, observation of 
380 double stars by, in conjunc- 
tion with Sir John Herschel, 
279. 

Southern constellations known to 
Ptolemy, 185. 

Southern Cross, formerly visible on 
the shores of the Baltic, 186. 

Southern hemisphere, in parts re- 
markably deficient in constella- 
tions, 151 ; distances of its stars, 
first measured about the end of 
the 16th century, 187. 

Space, conjectures regarding, 33 ; 
compared to the mythic period of 
history, 33; fallacy of attempts 
at measurement of, 34; portions 
between cosmical bodies not void, 
36 ; its probable low tempera- 
ture, 42. 

Spectra, the prismatic, 55; dif- 
ference of the dark lines of, 
according to their sources, 56. 



* * Spheera aplanes' ' of Macrobius, 3 1 . 

Spurious diameter of stars, 174. 

Star of the Magi, Tdeler's explana- 
tion of the, 208. 

Star of St. Catherine, 185. 

Star systems, partial, in which seve- 
ral suns revolve about a common 
centre of gravity, 277. 

Stars, division into wandering and 
non-wandering, dates at least from 
the early Greek period, 30; mag- 
nitude and visibility of the, 60; 
seen through shafts of chimneys, 
73; undulation of the, 75; ob- 
servation of, by daylight, 86; 
scintillation of the, 96 ; variations 
in its intensity, 101; the brightest 
the earliest named, 119; rays of, 
66, 171—173; colour of, 175; 
distribution of, 189; concentric 
rings of, 201; variable, 218; 
vanished, 221 ; periodically 
changeable, 222 ; non-luminous, 
of doubtful existence, 254 ; ratio 
of coloured stars, 285. 

Steinheil's experiments on the velo- 
city of the transmission of elec- 
tricity, 116; his photometer, 124. 

Stellar clusters, or swarms, 189. 

Strove, on the velocity of light, 109 ; 
his estimate of the number of the 
fixed stars, 157; on the Milky 
Way, 188; his Dorpat tables, 
278; on the contrasted colours 
of multiple stars, 282 ; calcula- 
tion of the orbits of double stars 
by, 287. 

Sun, the, described as *'a perpetual 
northern light," by Sir William 
Herschel, 40 ; in intensity of 
light, merely one of the fainter 
fixed stars. 127; its place pro- 
bably in a comparatively desert 
region of the starry stratum, and 
eccentric, 203. 

Suns, self-luminous cosmical bodiesi 
271. 

Table of photometric arrangement 
of 190 fixed stars, 134; of 17 
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6tar8 of Ist magnitude« 137 ; of 
the variable stars, by Argelander, 
232, and explanatory remarks, 
233 — 240; of ascertained paral- 
laxes, 262 ; of the elements of 
the orbits of doable stars, 289. 
Telescope, the principle of, known 
to the Arabs; and probably to the 
Greeks and Romans, 53; disco- 
veries by its means, 78 ; succes- 
sive improvements of the, 80 ; 
enormous focal length of some, 
81 ; Lord Rosse' s, 85 ; Bacon's 
comparison of, to discovery ships, 
175 ; penetrating power of the, 
196. 
Telesio, Bernardino, of Cosenza, his 
views of the phenomena of inert 
matter, 16. 
Temperature, low, of celestial space, 
42 ; uncertainty of results yet 
obtained, 43 ; its influence on the 
climate of the earth, 45. 
Temporary stars, list of, 209 ; notes 

to, 210—217. 
Ternary stars, 286. 
Timur Ulugh Beig, improvements 
in practical astronomy in the 
time of, 121. 
Translation in space of the whole 
solar system, 265 ; first hinted 
by Bradley, 265 ; verified by 
actual observation by William 
Herschel, 266 ; Argelander, 
Struve, and Gauss's views, 266. 
Trapezium in the great nebula of 
Orion, investigated by Sir William 
Herschel, 276. 
Tycho Brahe, his vivid description 
of the appearance of a new star, 
205 ; his theory of the formation 
of such, 208. 

*' Ultimate mechanical cause" of all 

motion; unknown, 27. 
Undulation of the stars, 75. 
Undulations of rays of light, various 

lengtiis of, 112. 
Unity of nature distinctly taught by 

Aristotle, 11 — 14. 



Uranological and telluric domain of 

the Cosmos, 29. 
Uranus observed as a star tNTf^KBtU 

stead and others, 153. '* '■ 



Vanished stars, 221 ; statements 
about such to be received with 
great caution, 221. 

Variable brightness of multiple and 
double stars, 285. 

Variable stars, 218 ; mostly of a red 
colour, 224 ; irregularity of their 
periods, 226 ; table of, 232. 

Velocity of light, 105 ; piethodi'of 
determining, 106 ; applied to the 
determination of the parallax, 265. 

Visibility of objects, 70 ; how modi- 
fied, 71. 

Vision, natural and telescopic, 51 ; 
average natural, 60 ; reiaaarkalile 
instances of acute natural, 66, 70. 



Wheatstone's experiments with re- 
volving mirrors, 56 ; velocity ot 
electrical light determined by, 
114. 

White Ox, name given to the nebula 
now known as one of the Magel- 
lanic clouds, 122. 

Wollaston's photometric researches, 
127. 

Wright, of Durham, his view of the 
origin of the form of the Müky 
Way, 201. 

Yggdrasil, the world-tree of the 
£dda- Songs, 4, 5. 

.1 

Zodiac, period of its introductiob ' 
into the Greek sphere, 160; its 
origin among the Chaldeans, 161; 
the Greeks borrowed from them 
only the idea of the division^ sod 
fiUed its signs with their Qwn 
catasterisms, 161 ; great antiqiyäty 
of the Indian very doubtful^ 163« 

Zodiacal light, Sir John Hersciuilcpi 
the, 48. 
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FINE ARTS. ARCHITECTURE, SCULPTURE, PAINTING, HERALDRY, 
ANTIQUITIES. TOPOGRAPHY, SPORTING, PICTORIAL AND HIGHLY 
ILLUSTRATED WORKS, ETC. ETC. 



%NGLER S SOUVENIR. Pcap. Sro, emhelllthed with «pwurd« of 60 bMntlfal Bngravtngt oa 
Ktecl hy Bbckwith and Tophax, and httndreda of engraved Borderi, erery pare being sur- 
rounded (pub. at 18«. )f cloth, filt, 9«. TiU, 183f 

ARTISTS BOOK OF FABLES, eompriifn« a Serie« of Original Fablet, niostrated bj SM 
exqutehely beaatiful Engrarlng« on Wood, hy Hakvbt and other eminent Artist«, after Dt- 
«farns by the late J axis Nortucotk, R.A. Post «to. Portrait (pub. at IL U.), cloth, 
gilt, 9fc 184» 

BARBER'S ISLE OF WIGHT. 42 fine Steel PUte«, and D». Mahtbll's Öbolooical Map. 
8YO, gut, cloth, 10«. 6d. 184« 

BEWICK'S SELECT FABLES, irith a Memoir, Sro, with «ereral Portrait« of Bewick, and 
«pwarda of 350 Engraving« on Wood, original impresaions (pub. at 1/. 1«.), bd«. lo«* 

NeweuMtle, 19» 

eiLLINGTON'S ARCHITECTURAL DIRECTOR, being an approred Guide to ArchU 
tect«, Draufrhtsmen, Students, Builders, and Workmen, to which is added a History of the 
Art, ke. and a Olossary of Architecture. New Edition, enlarged, 8to, 100 Plate«, cloth lettere<ft 
(pub. at \L 8«.) 10«. 6aC 184S 

BOOK OF COSTUME, Arom the earliest period to the present time. Upwards of 200 beantlAil 
Engraving« on Wood, by LiMTOK. 8vo (pub. at !<. 1«.), gilt cloth, fdlt edge«, to«. Cd. 1847 

BOOK OF GEMS, OR THE POETS AND ARTISTS OF GREAT BRITAIN. 

S Tohi. 8V0. ISOexqnialte Line Engravings aftrr Torxbr, Boni kotom, Landrbbr, Kobbrtb, 
MvLRBADT, etc. etc.; also numerous Autograph« (pub. at 4^ 14«. Gd.) Cloth elegantly gilt, 
U» ft«., or in morocco, 3/. 3«. 

BOOK or GEMS, OR THE MODERN POETS AND ARTISTS OF GREAT 
BRITAIN. 8vo. 50 exquisite It heauti fill Line Engnvlng« afterTomiBii, BoxivoTOV, etc 
etc. (pub. at II. 11«. CA), cloth elegantly gilt, 15«., or morocco, 1/. 1«. 1844 

BOOK OF RAPHAEL'S CARTOONS, BY CATTERMOLE. 8vo. with an exqckite 
Portrait of Raphael, a View of Hampton Court, and seven very highly finished Steel Engrav- 
ings of the celebrated Cartoons at Hamptoi. Court (puh. at 15«.), cloth, gilt, 7«. Od. 184S 

BOOK OF SHAKSPEARE GEMS. A Series of I.andscape Ilmstration« of the mo«t Inte- 
resting localities of Shakapeare's Dramas; with Historirsl ar.d Descriptive Accounts, by 
WASHiVttTov iRTixc, JBSRR, W. HowiTT, WoRHRwoRTH. Ihhlir and Others, sve, 
wl:h 45 highly-flnisbed Steel Engravings (pub. at U. lU. 6<i.) gUt sloth, 14«. Ait 

BOOK OF WAVER LY GEMS. A SoHes of 04 hiKh]y-fi..:.hed Line EngnvUgt p'fh' ti>ert 
lateresung im-idents and scenery in Waiter icon's >iu«ei«, •./ «ikAiM, rinnvv, RotLf «ad 
«there, after Picture« by Lbslib, Stotuard. Coopbr, He warc, tec, with UtBitntlT« leU^r- 
ITO. (pab. «t IL lU. «A), doth, elegaatly gilt, 15^ Md« 
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BROCKEDON'S PASSES OF THE ALPS, f yoI«. nedium 4to. Containfaif 109 . 
EngravingB (puh. at IM. 10«. in boards), balf-bound moroeoo, fUt cdgM, St. 13«. U. ISW 

BRITTON'S CATHEDRAL CHURCH OF UNCOLN, 4t»» 16 fine PUtM, bj LxXxvs^ 
(pub. at 3/. S«.), cloth, 11. ta. Royal 4to, LarffC Papmr, eioMi li. II«. 6d. Ujf 

This voinnie «oa published to complete Mr. Britton's CathedraJa, «sd Is «aaUng In moit «f 
the seta. 

BBYArrs DICTIONARY OF PAINTERS AND ENGRAVERS Kew Edltkik.«*. 
rNted. greatly enlarged, and continued to the present ttine, by 'Okoaox SrXKiiBTf'Bbqs, MM* 
plete in one larxe ▼olume, impl. 8vo, numerous platea of monograms, iL 1*. 

BULWER'S PILGRIMS OF THE RMNK. t«o. BmbellUhMl with S7 exquisite Um Xa- 
gravings after David Hoberts, Maclise, and Parris (pub. at IL lU. id,), cloth gilt, 14«. 

BURNETT'S ILLUSTRATED EDITION 'oF SIH ilOSHUA REYNOLDS ON 

Painting. 4to, 12 fine Platea, eloth (pab. at iLU.), XL 1«. IMS 

II the same, large paper, royal 4to, proof impressions of PlatM, eloth (pub. at4< 4a.), tf. It. 

CANOVA'S WORKS, engraved In outflne by Moses, wltk P Mcri pde p s wmi a BiognpUeia 
Memoir by Cicognara. 3 vols. imp. 8vo, 155 plates, and fine Portrait by WortUngtm, kntf« 
bound niurocco (pub. at 61. 12«.) it, 9«. 

■ tlie same, 3 vols. 4to, large paper, half-bound, nneat (pnb. at 91. ISt.), 41 4s. 

■I the same, 3 vols. 4to, large paper, India Proofs, In pnrts, (pnb. at 181. 15«,) fl. llii. 

CARTER'S ANCIENT ARCHITECTURE OF ENGLAND. lUostrated by l0SC<»p«r. 
plate Engravings, com]irising trpwards of Two Tliousand apeeimeBa. Edited hy ioam BiuT- 
TDK, Esa. Royal folio (pub. at IW. 12«.), half-bound morocco, U. 4«. IBST 

CARTER'S ANCIENT SCULPTURE AND PAINTING NOW REMAINING 

IN ENGLAND, f^um the Earliest Period to the Reign of Henry VIII. With Ulaturieid ud 
Critical Illustrations, by DoucB. OoooH, Mbtkick, Dawsok Tumbu, and BnnroB. 
Royal rollo, with i3o large Engravings, manv of which are beautifully coloured, and Mrenl 
illuminated with gold (pub. at lU. 1&«.)» bal( bound moroeo^»L 8a. Uli 



CARTER'S GOTHIC ARCHITECTURE, and Anelnt BiiUtag» ta m pi I, «Hk m 

View«, etched by himselC 4 vols, square 12mo (pab. at it, 2s.), half oKWOcoo» 18s. lOI 



CATLIN'S NORTH AMERICAN INDIANS, a vols. fanpU Ito. SSOS^partaifa (p«k.8t 

2/. 12«. M. ), cloth, emblematically gilt, li. 10«. 



CATTERMOLE'S EVENINGS AT HADDON HALL Men^aMle^BivmHMBMiaiB«!, 

from Deaigns by himself. Post 8vo ( origiaally pnb. at 1^ 1 1«. 84. ), gilt etnlh, g^ «dgM, fa. M. 

CHAMBERLAINE'S IMITATIONS OF DRAWINGS trm the Great Maaten, In tlM 

Royal Collection, engraved l.y Bartolozu and others, lnq>L foL 70 Platea (pnb, ax UL Usi^, 
half-bound morocco, gilt edges, 6L 5«. 

CLAUDE'S LIBER VERITATIS. A Collection of 900 Engravlnfa In Imltmtlon of tbanriglnal 
Drawings of Claudb, by Earlom. S vols, folio (pnb. at Sil. 10«.), half-bound nioree*^ gUt 
edges, IM. Ute. 

CLAUDE, BEAUTIES OF, 24 FINE ENGRAVINGS, eontainteg aooM of Ma ehnleest 

Landscapes, beautifully Engraved on Steel, folio, with deaeriptl** lattef-pnas, andPnrtnlt, 
in a portfolio (puh. at 31. 13«.), W. 5«. 

COESVELTS PICTURE GALLERY. With an Introduction by Mns. J Axnao v. Royal 4tn 
90 Plates beautifUly engraved in outline. India Proofk (pab. at &U 5s.), half-bound osorocco 
extra, 3t. St. 188« 

COOKE'S SHIPMNG AND CRAFT. A Series of 85 brillinnt BUhlnga, comprWo« Ptetw^ 

esque, hut at the same time extremely accurate Representations. Biayal4to(pab.atS<.ia8.8i(.), 
gilt cloth, U. Us. 6a. 



COOKES PICTURESQUE SCENERY OF LONDON AND ITS ViaNlTY. 

tiful Etcliiiigs, after Drawings by Calcott, Stamvielo, Prout, Bobxrtb, Hako»», 
Stark, and Cotm an. Royal 4to. Proofc (pub. at U.), gilt cloth, 21. Ss. 

CONEY'S FOREIGN CATHEDRALS^ HOTELS DE VILLE. TOWN HALLS» 
AND OTHKU REMARKABLE BUILDINGS IN FRANCE, liOLLANU, OBRMANT, 
AND ITALY. S3 fine large Plates. Imperial folio (pub. at lot. 10«.), half morocco, gilt edges, 
»1, 13«. 6d. tHi 

CORNWALL, ^N ILLUSTRATED ITINERARY OF; including Historical and Df »crip • 

live Accounts. Imperial 8vu, illustrated by 118 beautiful Engravinics on Steal and Wood, by 

liANxtBLLs, HiKCHCLiFPB, Jacksov, WILLIAMS, Slt, etc. after dmwiBfa hf CRaavioK. 

(Pub. at 16«.), half morocco, 8«. ll48 

Cornwall Is undoubtedly the most interesting coun^ in England. 

CORONATION OF GEORGE THE FOURTH, by Sir Oeorob Natuu, to aSaeleaor 
above 40 magnificent Paiuting« of the Procession, Ceremonial, and Banquet, comarehmding 
laithful ]>ortraiU of many of the dutiniruished Individuals who were present; with htaiorical 
and descriptive letter- press, atlas folio (pub. at i'il. 10«.), half bound nioraeco,giM edges, 
Ul. 12«. 

COTMAN'S SEPULCHRAL BRASSES IN NORFOLK AND SUFFOLK, tMdtov te 

lllnsUate the Ecciesiastical, Military, and Civli Costume of former sgea, wiui Letter-prcas 
I^csunptioz.s, etc. hv Dawson Turner, Sir 8. Mbyijck, etc. 173 Plata«. The «lanwIM 
Brass-^ ar« snleiididiy illu.'ninated, 2 vols. in:pl. 4tu b&If-boudd morocco, gilt e d )|aa j ML t8. 181«. 
■ ia» saaei iarg^ V*V*h uuperial folio, haif aeiocoa, fill *ii*»i 8^ 8«. -- 
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S ETCHINGS OF ARCHITECTURAL REMAINS In twImi 

««ttb Litt«r-pr«u Dctcripthins hv Hickmak. 3 ▼olc Impwial folio, o—ftoin UP 

:y splrlud Etehings (pub. at ni.), hairnMroeeo, U, U. IttS 

OJKNfELL'S ORIENTAL SCENERY AND ANTIQUITIES. Tlie original magnificent 
flditioUt UU.tulwulid eoloarod Views, en tbe largett acalc, of the Architecture, Antlqultlett aod- 
' Xaadacape Kccnerj of HJadooetaa, 6 Tola. In 3, elephant foUo (pub. at Xiv/.), elegantly half- 
bo«ud morocco, itl. lOa. 

OANIELL'S ORIENTAL SCENERY, « veU. In 3, smaU folio, 130 PUtes (pub. at 1«. lb. 
balf-lMicffd morceco, 61. 8«. 
Thik is reduced Irani the preceding large work, and is uncoloured. 

OANIELL'S ANIMATED NATURE, helnir Picturesque Delineations of the most IntemUng 
Sublects fironi all Branches of Nstural IlUlorjr, 125 EngrsTlngi, with Lelter-pren« 1>a*ciiptioiis 
I TOia. snail folio (pub. at 15^. Ito.), half inurocco (unlfomi with the OrieuUl Scenery), il, i$, 

DON QUIXOTE. PICTORIAL EDITION. Translated by Jakvis. careAilly revised- 

With a copious erigiiia] Memoir of Ccrvuntcs. Illustrated by upwsrdn or 820 heautiftil Wood 

Xnfnravlnm, -after lita relebraied Desiirns i>f Tony Joiijiiiiiot, including iti new sod hvautiful 

.large CuU, by AJUIstjiojso, now llrst added. X toIs. royal 8vo (pub. at t/. 10«.), cloth gl't, 

ILU, IMS 

OULWICH QALLERY, a Series of »o Beautlftilly Cirioared Pistes fhrni the most Celebrated 
Fktures in this Remarkable Collection; executed by R. Cocxbvrn (Custodian). All 
mud <in Tinted Card-buani in the mauner of Drawings, Imperial folio, including 4 veiy 



luf« additional Plates, published separateiT at from 3 to 4 iruiHeaa each, and not before 
Included in the Series. In a hanüKonie ptirtfiilio, with morocco l)ack (piib. at 40/.), 16/. 16«. 

**This ia one oftlie most splendic' and interesting of the British ricture Oalleiies, and has 
lMrao«M years bee» quite uuatuinabic, even at the full price." 
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. AND THE PYRAMIDS.— COL VYSES GREAT WORK ON THE 
_ _RAMID8 OF OIZEH. With an Appendix, by J. S. Pbariso, Esq., on the P)Tamids at 
Äkou Ko«h, the Payoum, ftc. ftc. i vols, imperial 8vo, with 60 Platea, lUhograpted by 
•HaoHB (pub. at 21. 13«. M.), 1/. U. 1840 

eOYPT— PERRINGS FIFTY-EIGHT LARGE VIEWS AND ILLUSTRATIONS OF' 
' ni^E PTKAMIDB OF GIZKII, ABOU ROASH, ftc. Drawn from actual Survey and 
Admeasnrement. With Notes and Referencrs to Col. Vyse's great Work, also to Denen, the 
STMt French Work on Egypt, Koaellini, Belzuni. Burckhardt, Sir Gardner Wilkinson, Lane, 
-and others. 3 Parts, elephant folio, the »ixe of the great French *' £g>pte" (pub. at lU. 15«.) 
jhi printed «rappers, 3U a, ; haif4>ound morocco, 4/. 14«. Od. 1IM2 

ENQLBFIELD^ ISLE OF WIGHT. 4to. solaige Plate«, BBgnred by Cooxb. and a Geo 
. Iqtlcal Mnp (pub. Jl. ?«.), cloUi, U.ia. ' , «n« « weo 

FLAXMAN'S HOMER. Seventy-flve beantiftil Compositions to the Iliad and ODTaauY, 
engraved under Flaxman's Inspection, by Pumli, Mosxs, and Blaxb. 3 vols, oblong foUo 
(pub. at U. A«.), boards 3/. 2s. ^ Ig0l 

FLAXMAN'S ASCHYLUS, Thbty-alz bcantlfol Conposltkuia ftom. Obtoag foifo (pub. a 
tL Ik. W.), beards II. U. Itsi 

FLAXMAN'S HESIOD, Thirty ««even beautiful Compositions ftom. Oblong foUo (pub. at 
af.13«. 6«/.), boards M. 5«. " igiy 

*• Flaxman's unequalled Compositions from Homer, iEschylus, and Hcslod, have long 
keen the aduilratlon of Europe; or their sinipllcliy and beauty the peo Is quite incapable of 
eonreylng an adequate Impression."— Mr Thomut Lawrenee. 

FLAXMAN'S ACTS OF MERCY. A Series of Eight Compositions, in tbe manner of 
Aueleut Sculpture, engraved in imiutioii of the original Drawings, by F. C. JLbwis. Oblong 
folio (pub. at 2/. 2«.), half-bound m«>rocco, I6t. jg3l 

FROISSART, ILLUMINATED ILLUSTRATIONS OF. Seventy-four PUtes, print«! in 
. Ootd and CoiMrK. 8 vols, super-royal Kvo, hair-bound, uncut (pub. at 4/. lo«.), ZL le«. 

■ the same, large paper, 2 vole, royal 4to, half-bound, uncut (pub. at lo:. lO«.), 6/. 6s. 

,L AND CANDY'S POMPEIANA; or, • fipomphy, Edifices, and Ornaments o/ 
_^0iBpeli. Original Series, containing the BesUkliof the Kxcavatlona p'^vioua to i8lt 2 vol* 
royal livn, best edition, with upwards of too beautiful Line £ngravlags by Oooiuiu., Cook* 
Hbath, Ptb, etc ipub. at 7/. 4«. |, boards, 3/. 3«. Igf4 

OEMS OF ART» 36 FINE ENGRAVINGS» after Rbmbbahdt, Ctrrv, Rbtvolm, Poo». 
MX, Mt;Bii.ii», Tbkibrs, Corxkuio, Va>dbbvbldb, foUo, proof impressions. In portfolio 
(pub. at 8/. 8«. ), U. 1 1«. Od. 

QILLRATS CARICATURES» printed (h>m tbe Original PUtes, all engraTcd by himself 

between 1 779 and 1810, coniprblng the best Political and Humorous Satires of the Reign of 

George the Third, in upwardi of duo highly spirited Eofravlngs. in I Urge vol. atlaft foUo 

(esactly unifom with the original Hogarth, aa aehl by tlM adTertiaer), half-bound ml iMMeco 

■ «Btca« gill odvBs, •1.8«. 

QILPIN'S PRACTICAL HINTS UPON LANDSCAPE QAROENING. ^^ •^ 
BMBarho ob Penw t ic Aidutecturo. Royal pro, PUtes, eloth (pub. at U.)» 7«. 

QOETHE-S FAU8T» ILLUSTRATED BY RETZSCH ia 36 boautlAü OvHIaM. Bm« 

' HÄiPtt** •> K»-totKgih clotk. We. Od. ""~ 

ThUgdBtlfoa coBfiC» b tiaB»lnUBB of tfco oritianl p oo«, wi b UBtorioBl and J oooil p U et aotM. 
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CATALOGUE OF KEW BOOKS 



QOOOWIN'S DOMESTIC ARCHITECTURE. A Serie« of Knr I>«»lfWfftr Iftuplwuk: 
Villas. Kectory-Houset, Panonage-Housen; BallifTi, Oardener'a, Oamckeeper«» MM Varii- 
Gate Lodges: Cuttaires aud other KesidenceB, in the Grecian, Italian, and Old EnfrlUhi Style 
of Architecture : with Estimates. 2 Tols. royal 4to, MS Plates (pub. at SI, At.), elotb, SA dw Mb . 

/^RINDLAVS (CAPT.) VIEWS IN INDIA, SCENERY, COSTUME, AND ARCHI- 
TECTURE : cb<i f):* cb the Western Side of India. Atlas 4to. Consistinarof 36 most beauti- 
fttlly coloured Plates, highly finished, in imitation o/ Drawings; with llescrlpllf« Latta- 
press. (Pub. at 12/. 12«.), half-hound morocco, ffilt edjces. SI, St. ISM 

This is perhaps the must exquisitely-coloured volume of landscapes erer produced. 

HANSARD'S ILLUSTRATED BOOK OF ARCHERY. Beine the complete History and 
Practice of the Art: interspersed with numerous Anecdotes; forming a complete Manaal for 
tilt Pf^winan. 8vo. Illustrated by 39 beautiful Line Engravings, exquisitely finished, by 
EKGLBUkA&T, PoKTBUKY, ctc, after Designs by Stephanofv (pub. at U, 11«. 60.), gilt doth, 
10«. M. 

HARRIS'S GAME AND WILD ANIMALS OF SOUTHERN AFRICA. Lane impL 
folio. 30 beautifully coloured Engravings, with 30 Vignettes of Heads, Skins, fte. (pub. at 
10/. 10«.), hf. morocco, 6L 6«. 1144 

HARRIS'S WILD SPORTS OF SOUTHERN AFRICA. Impl. sro. M beautlftdlj co- 
loured Engravings, and a Map (pub. at »U X«.), gilt cloth, gilt edges, IL U, 1844 

HEATH'S CAR'CATURE SCRAP BOOK, on 60 Sheets, containing upwards «riOM Comic 
Subjects after Sbtmour, Cruikshakk, Puiz, and other eminent Caricaturists, oblong folio 
(pub. at 21. 2m. ), cloth, gilt, 15«. 

This clever and entertaining volume Is now enlarged bv ten additional ahecta, each con- 
taining numerous subjects. It includes the whole of Heath's Omnium Gatherum, both Series; 
Illustrations of Demonology and Witchcraft; Old Ways and New Ways; Nautical Dletionary; 
Scenes in London; Sayings and Doings, etc.; a series of humorous illastrmtlou of ProTcrbs, 
ctc. As a large and almost infinite storehouse of humour it stands aloae. To the young 
artist it would be found a most valuable collection of studies; and to the fuoily «licl« a coD" 
stant source of unexceptionable amusement. 

HOGARTH'S WORKS ENGRAVED BY HIMSELF, iss fine Plates (tecIvMig tke tvo' 

well-known ** suppressed Plates"), with elaborate Letter- press DescriptioBa, by J.Hichols. 
Atlas folio (pub. at 50/.), half-bound morocco, gilt back and edges, with a secret pocket for 
suppressed plates, 7t. 7«. M|S 

HOLBEIN'S COURT OF HENRY THE EIGHTH. A Series of 80 exquisitely boftntiftal 
Portraiu, engraved by BARTor.ozzi, Cooper, and otliers, In imitation of the oricinal« 
Drawings preserved in the Royal Collection at Windsor; with Historical and Biographical' 
Letter-pres« by Edmund Lodge, Es«. Published by John Cbambbrlaike. Imperial 4to 
(pub. at 15/. 16«.), half-bound morocco, füll gilt back and edges, it, lit, 6d. 18IV 

HOFLANDS BRITISH ANGLER'S MANUAL; Edited bj Edward Jbs», Esq.; or, 

the Art of Angling in England, Scotland, Wales, and Ireland; including a Piscatorial Account 
of the principal Rivers, Lakes, and Trout Streams; with Instructions in Fly Fishing, Trollliig» 
and Angling of every Description. With upwards of fio exquisite Plates, many of which art 
highly-finished landscapes engraved on Steel, the remainder beantlAiUy engrmvcd on Wood. 
8vo, elegant in gilt cloth, 12«. 1849 

HOPE'S COSTUME OF THE ANCIENTS. Illustrated in upwards of S20 bcuitifVilly- 
engraved Plates, containing Representations of Egyptian, Greek, and Roman Habit» and 
Dresses. 2 vols, royal 8vo, New Edition, with nearly 20 additional Plates, boards, reduced 
to 21. 5«. 1841 

HOWARD (FRANK) ON COLOUR, as a Meaks of Art, being an adaptatloB of the Expe- 
rience of Professors to the practice of Amateurs, illustrated by 18 coloured Plat«!, post Svo, 
cloth gilt, 8«. ir— . -» 

In this able volume are shown the ground colours in which the most celebrated oafntera 
worked. It is very valuable to the connoisseur, as well as the student. In painting and «atct- 
colour drawing. 

HOWARD'S (HENRY, R. A.) LECTURES ON PAINTING. Dellrered «t the ftoyal 
Academy, with a Memoir, by his son, Frakk Howard, large post8vo, cloth, 7«. 9a, 1848 



HOWARD'S (FRANK) SPIRIT OF SHAKSPEARE. 483 fine ouülne Platoi, tllwtntlvc of 
all the principal Incidents in the Dramas of our national Bard, 5 vola. 8vo (pub. at 14/. 8«.), 
cloth, 2/. 2«. t»n—n 

«»« The 483 Plates ntliy be had without the letter-press, for illustnting all Svo editlou of 
Shakspeare, for 1/. 11«. €</. 

HUMPHRErS (H. NOEL) ART OF ILLUMINATION AND MISSAL PAINTING. 

Illustrated with 12 splendid Examples from the Great Masters of the Art, selected firaai Mhnala, 
all beautifully illuminated. Square 12mo, decorated blading, \L 1«. 

HUMPHREY'S COINS OF ENGLAND, a Sketch of the progress of the English Coinage, 
fVora the earliest period to the present time, with 228 beautiful fac*similes of tlie moattote i— t 
ing specimens, illuminated in gold, silver, and copper, square 8vo, neatly decorated Uaalnb lis. 

HUNTS EXAMPLES OF TUDOR ARCHITECTURE ADAPTED TO MODERN 

HABITATIONS. Royal 4to, 37 Plates (pub. at 2/. 2«.), half morocco 1/. 4«. 

HUNTS DESIGNS FOR PARSONAGE-HOUSES, ALMS-HOUSES^ ETC.' »oy»! 

tf$c^ ir Plates (pnb. at 1<.1<.>, half iiiocM<:n,j4«. IMl 
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"^^SECK^^^fHfiS ^" Pi^T^^ t?,°QES, GAMEKEEPERS' COTTAGES» ETC. 
,- KiyU 4tOk 19 Plates \ puu. ut IL 1«.), half morocco. 14«. IM i 

HUNTS ARCHITETTURA CAMPESTRE; OR, DKSIOM8 FOR LODGES, OAIl- 
DENERS' HOUSES, etc. IM TUE ITALIAN dTYLE. 13 PUtM, royal 4to7pub. at 
U, li*|, iHlf ttiorocco, 14«. 1827 

ILLUMINATED BOOK OF CHRISTMAS CAROLS, sqnartsro. S4 Bordtti iUnmlnated 
hi Gold and Colours, and 4 beautiful MinSaturei, richly Oruamcttttd Binding (|mü>. at K. fi«. ), 
13«. 1816 

ILLUMINATED BOOK OF NEEDLEWORK, By Mkc. Owkk, withaHUtiry of Needle- 
work, by the Coumtcss of Wiltok, Coloured Platei, post 8to (pub. at 18«.), gilt clotb, 9«. 1847 

ILLUMINATED CALENDAR FOR 1850. Copied from a celebrated Missai known at the 
*' Hoars" of the Dake of Anjou, imperial 8vo, 36 exquisite Miniatures and Borders, in gold and 
colours. Ornamented Binding (pub. at 2^. 2«.), 15«. 

ILLUSTRATED FLY-FISHER'S TEXT BOOK. A Complete GrJde to the Science of Tront 
and Salmon Fishing. By Thsophilvb South, Gent. (£d. Chittt, Barrister). With 
23 beautiful Engravings on Steel, after Paintlnfcs Sy Cooper, Nswtojt, Fibldiko, Lee, and 
other», rro (pub. at U. 11«. 6d.), cloth, gilt, lot. 6tf. 1845 

ITALIAN . SCHOOL OF DESIGN. Consisting of loo Plates, chiefly engraved by Bartc 

I.08ZI, after the original Pictures and Drawings of Ouerciko, Michael Akoelo, Domeki- 

' caivo, Akxihalb, Ludotico, and Agostino Oaracci, Pietro da Cortona, Carlo Ma- 

ratti, and others, in the Collection of Her Migesty. Imperial 4to (pub. at IQl. 10«.), half mo* 

rocoo, gilt edges, it, 3«. 1813 

JAMES' (G. P. R.) BOOK OF THE PASSIONS, royal Sro, UHistrated with 16 splendid 
Line Bngraringi, after drawings by EnwAHn Courbould STsrHANCFv Chalok, Kennt 
MEADOWS, and Jbnkiiis; engraved under the superintendence of Charles Heath. New 
MdlmproTbd edition (jost published), elegant i» gilt cloth, gilt edges (pub. at K. lis. Cd.), 
Uf. 

JAMESON'S BEAUTIES OF THE COURT OF CHARLES THE SECOND. 2 vols, 
impl. 8T0, 21 heautif\il Portraits (pub. at 2^. &«. ), cloth, U. U, 1838 

JOHNSON'S SPORTSMAN'S CYCLOPEDIA ofthe Science and Practice of the Field, the 
Turf, and the Sod, or operations of the Chase, the Course, and the Stream, in one very tnick 
' vol. 8VO, Illustrated with upwards of &0 Steel Engravings, after CoorsR, Ward, Uahcock, and 
others (pub. at 1/. 11«. 6c/.), cloth, 12«. 

KNIGHTS (HENRY GALLY), ECCLESIASTICAL ARCHITECTURE OF ITALY, 
FROM THE TIME OP CONSTANTINE TO THE FIFTEENTH CENTURY. With an 
Introduction and Text. Imperial folio. First Series, containing 40 beautiful and highly inte« 
testing Views of Ecclesiastical Buildings in Italy, several of which are expensively illuminated 
to gold and eolours, half- bound morocco, bL it. 1843 

Second and Concluding Series, containing 41 beantlAiiand hlghlv Interesting Views of Eccle- 

■iastieal Buildings in Italy, arranged in Chronological Order; with Descriptive Letter-prens. 

' Imperial folio, half-bound morocco, S/. &«. 1844 

KNIGHTS (HENRY GALLY) SARACENIC AND NORMAN REMAINS. ToUlus- 
träte the Norman« in Sicily. Imperial folio. 30 large Engravings, consisting of Picturesque 
Views, Architectural Remains, Interiors and Exteriors of Buildings, with Descriptiv« Letter- 
press. Coloured like Drawings, half-bound morucco, 9L 8«. 1840 
Bat very few copies are now first executed in this expensive manner. 

KNIGHTS PICTORIAL LONDON. 6 vols, bound in 3 thick handsome volt, imperial 8vo, 
iUnstrated by 650 Wood Engravings (pub. at 3/. 3«.), cloth, gilt, lU 18«. 1841-44 

LONDON.-^WILKINSON'S LONDINA ILLUSTRATA ; OR. GRAPHIC AND 
HISTORICAL ILLUSTRATIONS of the most Interesting and Curious Architectural 
If «OneiiU of the City and Suburbs of London and Westminster, e.g.. Monasteries, Churches, 
Charitable Fotnidations, Palaces, Halls, Courts, Processions, Places of early Amusements, 
. Theatres, and Old Houses. 2 vols. Imperial 4to, containing 207 Copper-plate Engravings, with 
Histflckal and Descriptive Letter-press (pub. at 26/. 6«.), half-bound morocco, 5/. S«. 1818 -23 

LOUDON'S EDITION OF PEPTON ON LANDSCAPE GARDENING AND 
LANDSCAPE ARCHITECTURE. New Edition, 250 Wood Cuts, Portrait, thick Svo, cloth 
lettered (pub. at ij. 10«.), 15«. 

LYSON'S ENVIRONS OF LONDON; being an Historical Account of the Towns, Villages 
and Uaaileto io the Counties of Surrey, Kent, Essex, Herts, and Middlesex, 5 vols. 4to, Plates 
(pub. at lot, 10«.), cloth, 2<. 10«. 
The same, large paper, 5 vols, royal 4to (pub. at ISf. 15«.), cloth, 3/. 3«. 

MACGREGOR'S PROGRESS OF AMERICA FROM THE DISCOVERY BY 

COLUMBUS, to the year 1846, comprising iu History and Statistics, 2 remarkably tliick 
volnsies, imperial Svo. cloth lettered (pub. at 4/. 14«. 6d.), It, 11«. UU 1847 

MARTIN'S CIVIL COSTUME OF ENGLAND, flrom the Conquest to the FmentPcnoA 

fromnpestzr, M8S. &a. ftoysl 4t«. 61 Pl«tes, heauiiftolly Illuminated in Gold and Colonrs, 

. cloth, f lit, 2/. life Cd. tMl 



6 OATALOOUB OF NEW HOOKS 

MEYRICIC8 PAINTED ILtUSTRATIONS OF ANCIENT ARMSAMOMIMQIflK, 

a Critical Inquiry Into Anctoat Armour as it eziated In Earope, but partioaburljr In Baglaiidt 
from the Nomian Comiuaatjo the Keign of Charles II, with a Giouar/, etc. by Sir Sam obl 



KtraH Mbyhick, LL.I)., P^.A., etc., new and greatly improved Edition, correcMd ani 
lunrtd tbruuicbiiut hv the Author hlniHelf, with the aaaisuace of Literary aad Aatlqaulan 
Friends (Aldrrt way, etc.), 3 vol«, imperial 4to, illustrated by more than IW rlatva, 
tplendidly illuminated, nioKtly in gt>ld and silver, exbibitine some of the fiueat Bpecimena 
•xlatinf iu BnKiand; also a new Plate of the Touxoameat of L.o«ks and Keys (pub. «t81I.K 
half-bound morocco, gilt edges, I a/. lOt. liM 

Sir Walter Scott Justly describes this collection as **xhk xvcoxpajlabui ammovkx,** 
„JiiUi^urgk Review. 

MEYRICK'S DESCRIPTION OF ANCIENT ARMS AND ARMOUR, hi the Coüee- 
tion of Goodrich Court, 150 Engravings by Jos. Skxltov, 2 vols, folio (pub. at lU. II«.)« 
half morocco, top edges gilt, 4/. 14«. td, 

MILLINGEN'S ANCIENT UNEDITED MONUMENTS; comprising Palntod OiMk 
Vases, Statues, Busts, lias-Reliefs, and other Remaina of Grecian Art. 62 large «ad beantlfU 
Engravings, mostly coloured, with Letter-press Deset^Uoaa} imperial 4to (pub. at 9L 9s.), 
hail morocco, *U 14«. 6d, 1*23 

MOSES' ANTIQUE VASES, CANDELABRA, LAMPS. TRIPODS, PATERiE, 

Taztas, Tombs, Mausoleums, Sepulchral Chambers, Cinerary Uma, Sarcophagi, Cippi; aad 
other Ornaments, 170 Plates, several of which are coloured, with Letter-pt««», bj UoMr*i»i^l 
8vo (pub. at 31. 3«.), cloth, IL &$. 1814 

MURPHY'S ARABIAN ANTIQUITIES OF SPAIN ; representing, In IM ww Ugfaly 

finished line KngravinKS« by Lr Keux, FiNnBN, Lanrsker, O. Cooke, ftc, tne most 
remarkable Remaina of the Architecture, Sculpture, Paintings, aad Mosaics of tm 6paalih 
AralM now existing in the Peninsula, includntg the magnificent Palace of Alhsmbra; the 
celebrated Mosque ami Bridge at Cordova; the Roval VUlaof Oeneraliffe: andtheCaaade 
Carbon : accompanied by Letter-prees Descriptions, in 1 vol. atlas folio, oci^nal aad MiHant 
impreasions of the Plates (pub. at 42/.), half morocco, 12/. 12«. 1813 



MURPHYS ANCIENT CHURCH OF BATALHA, IN PORTUGAL, Plana, 

vations, Sections, and Views of the : with its History and Deacriptioa, and an Introduetorj 
Discourse on GOTHIC ARCHITECTURE, imperial folio, 27 line Copper Plates, eagravod 
by LowRY (pub. at M. i«.), half moroceo, U, 8«. ITW 

NAPOLEON GALLERY; Or Illustrationa of the Lite and TImee of the Bnpwtw, -with 99 
Etching« on Steel by Revbil, and other eminent Artist«, in one tliiek velBau past 8to. (pub. 
at 1/. 1«.), gilt cloth, gilt edges, 10«. dd, ISM 

NICOLAIS (SIR HARRIS) HISTORY OF THE ORDERS OF KNIGHTHOOD 

OF THE BRITISH EMPIRE; with an Acconnt ol' the Medals, Crosoea, and Ctaaps «bleb 
have been conferred for Naval and Military Services : together with a History of the Ordar of 
tlie Ouelphs of Hanover. 4 vols, imperial 4to, splenaidlv printed and illnstFatod by auDsanua 
fine Woodcuts of Badges, Crosses, Collars, Stars, Meoals, Ribbiuids, Claapa, etc and many 
large Plates, illumimited in gold and colours, including fülMength Portraita of doaon Vie- 
torU, Prince Albert, the King of Hanover, and the Dukes of Cambridge aad Suasaa. (Pub. 
at 14/. 14«.), cloth, with morocco backs, 5/. 15«. &/. •«• Comptet« to 1847 

«■ the same, with the Plate« richly coloured but not ilhunlnatad, aad «ithoot flw 

OEtra portraits, 4 vols, royal 4to. cloth, S/. le«. M. 

'*Sir Harris Nicolas has produced the first com prehensive History of the British Ordara of 
Knighthood: and it Is one <ylhe mott eiaborateljf prepared anii niendWy prtnted wort» tkmt ever 
iuued/ntm the vret». The Author appears to os to have neglected no sources of information, 
and to have exnausted them, as ihr as regards the general scope and purpone of the inquiry. 
The Orapliical Illustrations are such as become a work of this character upon such a auMaet; 
at, of course, a lavish cost. The resources of the recently revived art of wood-engraviagbava 
been combined with the new art of printing in colours, so as to produce a rich elhct, aimoat 
rivalling that of the monastic illominations. Such a boot U «are qfaptaer in «vrry freut Kkrmrf. 
It contains matter calculated to interest extensive claaaea of raadem, and «a li^a 'by oar 
specimen to excite Uieir curiosity."— <{Marter/y Kniew. 

NICHOLSON'S ARCHITECTURE: ITS PRINCIPLES AND PRACTTCE. 2is 

Plates by Lowry, new edition, revised by Joe. G^ut, Esq., oae TOlume^ pqyal^ro» 
l/.ll«.6d. IStt 

For classical Architecture, the text book of the Profession, tbe moat useful 0«Me to tba 
Student, and the best Compendium for the Amateur. An eminent Architect baa declared 
it to be **not only the most useful l>ook of the kind ever published, but absolutely ladispen- 
aable to the Studenu" 

PICTORIAL HISTORY OF GERMANY DURING THE REIGN OF FREDERICK 
THE GREAT, including a complete HUtorv of the Seven Years' War. By» Fravcu 
KoGLBR. Illustrated by Adolph mrvzbIm Boyal 8vo, with above fOO WoodavU (pah. at 
1/. 8«.), cloth gilt, 12«. 1848 

PICTORIAL (sALLERY OF RACE-HORSES. Containing Portraits of all tha Wtawlnr 
Horses of the Derby, Oaks, and St. Leger Sukes during the laat Thirteen Year», aad a Hia- 
tory of the principal Operations of the Turf. By ^^'ILORAKE t%imo. Tatteraall, EsqJ. BajsI 
8vb, eontainicg 9S beautiful Ennavlngs of Horses, alter Pictures by Coopbr, nasRiir«» 
Havcocr, Alkra, «e. Also ftill-lengäi characteristic Portraiu of eeiabratad inrfacr 
ItoM (*• Cranks of tha Dav"), by SaTHOirR (p^b. at 2/. 2«.), scarlst elotfc, gUt, U. lib 
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nCTUKESQUE TOUR OF THE RIVER THAMES» 1» It« Wmimi 

BMtisalar Dearriptlon* of Uebuiood^ WIndaor, and HamoUm Cowt. By Joiik PiiaMb 
MWUWkAY. Ilhiawalad >/ upward« of lOO rety hiirhly-fliiisbed Wood Bngrsvliics bjr Oiiujr 
Smith, Bkak»tok, Lavhelijs« Livtom, and other einiiMvt artiaia; to wkWi an adAod 
M«ot«l beautltal Coppor and Stool Plato EanaTiims hjr Cooui «ad ofthoca. Om lacf« kand- 
■omo vohimo, royal Ivo (pub. at IL A«. ) , fUt euMh, lo«. M. ItiS 

Tke iMMt boaetlTM Yolmmo of Topogvaphkai Usnognpha ovar ptodMod. 

PINELU'S ETCHINGS OF ITALIAN MANNERS AND COSTUME, taetadlaff Ua 
CSaralval, Banditti, ftc^ 27 natoa, imporlal 4to, lialf<t)oiiiid norooM, Ita. Jtanr, IMO 



PRICE (SIR UVEDALE) ON THE PICTURESQUE inSemiaryand Lawlaeapo Oardoii. 
lagf «ritb an Eaaay on tho Origin of Taato. and mach additional mattor. By Sir Thomas 
Dicx Laudbr, Bart. 8vo, with M boautiAU Wood Engnviosa by Movtaav Sxakiat 
(pnh. at !(. i«.)f (rilt eloCh, iSc Ittt 

PUGIN'S GLOSSARY OF ECCLESIASTICAL ORNAMENT AND COSTUME: 

totting forth tho Origin, Hiatory, and Stenifleation of the vartooa Emblona, Dovleoo, and Sym- 
boUcal Coleun. pocuUar to Chmtian Dosigna of tho MIddio Agaa. lUuatiatod by nearly 80 
Platsa, splondioly printad In gold and coloan. Boyal 4(0, half ntotoooo oxta^ tof odgoo gilt, 
7ti7*> 

PUGIN'S ORNAMENTAL TIMBER GABLES, tclectod torn Aoelert Bzanplea In 
England and Normandy. Boyal «to, SO Plato«, cloth, IL la. 1830 

PUGIN'S EXAMPLES OF GOTHIC ARCHITECTURE, aoloct«! ttom Ancient 
EdiSeoa la England; eonaieting of Plana, Elevation«, Sectiona, and ParU at largo, with Histo- 
rical and Descriptive letter-pres«, illiutrated by 23a Engraving« by Lu Ksoz. S vola. 4to 
(pvb. at 12L 18a.), cloth, 7t. 17«. fid. 



ffUGIN'S GOTHIC ORNAMENTS. M fine PlaUa, drawn on Stoao by J. D. HAsaavo and 
otbon. Boyai 4to, half morocco, iL 3$. 1844 

MUCIN'S NEW WORK ON FLORIATED ORNAMENT, wHh so plate«, splendidly 
printed in OoU and Coloan, royal 4to, elegantly bound in cloth, with iko gold oraasMnts, 

RADCUFFE'S NOBLE SCIENCE OF FOX-HUNTING, for the use of Sportsmen, royal 
8vo., nearly 40 beautiful Wood Cuts of Hunting, Hounds, ftc (pub. at XL 8«.), cloth gilt, 
lOfcihL ISM 

RETZSCH'S OUTUNES TO SCHILLER'S "RGHT WITH THE DRAGON," 

BoyaJ 4to., containing 18 Pbttea, Bngraved by Mosia, stiff covers, 7*. dd, 

RETZSCH'S ILLUSTRATIONS TO SCHILLER'S ''FRIDOLIN," Boyal 4to.. contain, 
ing 8 Plates, Engraved by Musns, stiff covers, 4«. 6d. 

REYNOLDS' (SIR JOSHUA> GRAPHIC WORKS. 800 beautlfol BnmvlnjB (com. 
prising nearly 4iM> subjecu) after this delightful painter, engraved on Steel by 8. W. Bjgmolds. 
8 vols, folio (pub..at36Z.), half bound morocco, gilt edges, 12^ 12«. 

J^NOLDS' (SIR JOSHUA) LITERARY WORKS. Comprising hi« Dbeoarses, 
delivered at the Royal Academy, on the Theory and Practice of Painting; his Journey t« 
«jnnders and Holland, with Criticisms on Pictures; I)n Presnoy's Art uf Palntlne, with Notes 
tco which is preßxed, a Memoir of the Author, with Bemarks illustrative of Ills Principles and 
hiactice, by Bbbchbt. Mew Edition. 2 vols. fcap. 8vo, with Portrait (pub. at 18«.), gilt 
tioth, in«. 184G 




»sue» 
render his name ImmortaL^'— Adr<A«oto. 

ROBINSON'S RURAL ARCHITECTURE; being a Series of Designs for Ornamental 
CotUges, in 96 Plates, with Estimates. Fourth, greatly improved. Edition. Boyal 4to (pub. 
at 4^ 4«.), half morocco, 2L 5«. 

ROBINSON'S NEW SERIES OF ORNAMENTAL COTTAGES AND VILLA&. 

86 Plates by H ahdikg and Ax.lom. Royal 4to, half morocco, 2L 2«. 

ROBINSON'S ORNAMENTAL VILLAS, 96Plates(pubwat41.4«.),haUnoroeco,2l.t«. 

ROBINSON'S FARM BUILDINGS. 56 Plates (pub. at 2L 2«.), half morocco, IL 11«. 6d. 

ROBINSON'S LODGES AND PARK ENTRANCES. 48 Plates (pub. at iL U.), half 
morocco, ll. U«. 6d. 

ROBINSON'S VILLAGE ARCHITECTURE. Fourth Edition, with additional Plat«. 41 
Plates (pub at U. 16«.), half bound uniform, W. 4«. 

bJrv House" by ioHK Brittok. imperial folio, 50 One engraving«, by Le lUvx (pub. a 
IW.'UU. J h« f morocco, gilt edges, 3i. 13«. 6d. *«»^ 

4^ 4«.), tiair morocco» U. 11«. Cd. 
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RUDING'S ANNALS OF THE COINAGE OF GREAT BRITAIN 'AHDr'TTB 

DEPBNDSNCIKS. Three toIi., 4to., U9 plates, (pub. at 6A 6«.) cloth, 4i. ««. ' ■ ism 

SHAKSPEARE PORTFOLIO; a Series of 96 Graphic Illustiutioks. After DesUn« by 
the most eminent British Artists, inclnding Smirkc, Stothard, StepbanolL Cooner, Weitalf, 
Hilton, Leslie, Briggs, Corbould, Clint, kc, beautiftilly engraved by Heath; Greatbach, 
Robinson, Pve, Finden, Englehart, Amstronr, Bolls, and others (pub. at M, 8«.), la • cum» 
with leather back, imperial 8vo, U. U. . . 

SHAW AND BRIDGENS' DESIGNS FOR FURN ITURE, with Candelabra ud Interior 
Decoration, to Plates, royal 4to, (pub. at 3^ 3«.), half-boun«!, uncut, IL 11«. 6d. IS39 

The same, large paper, impl. 4to, the Plates coloured (pub. at 6/. 6t.), hf.-bd., uncut, 3/. 3«. 

SHAW'S LUTON CHAPEL, i^ Architecture aud Ornaments, illustrated in a series of M 

highly finished Line Engravings, imperial folio (pub. at3<. 3«.), half morocco, uncut, lU 16«. 

1830 

SILVESTRE'S UNIVERSAL PALEOGRAPHY, or Fac-similes of the writing* of every 
age, taken from the most authentic Missals and other Interesting Mnnuscripts existing In the 
libraries of France, Italy, Germany, and England. By M. Silvestre, containing upwanls of 
SOO large and most beautifully executed rac-simiIeK, on Copper and Stone, most richly iUunü- 
niUed in the finest style of art, 2 vols, atlas folio, half morocco extra, gilt edges, 31/. lo». 

Ill« Hittorical and Descriptive Letter-press by ChampoUion, Figeae^ and Cham- 



pol lion, jun. With additions wad correctiuus by Sir Frederick Madden. 2 vol*, ri^al 8vo, 
cloth, IL 16«. 1850 

the same, 2 vols, royal 8vo, hf. mor. gilt edges (uniform with the folio work), iU 9$. 



SMJTH S (C. J.) HISTORICAL AND LITERARY CURIOSITIES. Conststing or 
Fac-similes of Interesting Autographs, Scenes of remarkable Historical Events and inter«sting 
Localities, Engravings of Old Houses, Illuminated and Missal Ornaments, Alttiqaftlee, Ac 
tie. , containing 100 Plates, some illuminated, with occasional Letter-press. In 1 volume 4to, 
half morocco, uncut, reduced to 3t, IM« 

SMITH'S ANCIENT COSTUME OF GREAT BRITAIN AND (RELAl^D, Fram 

the 7th to tlie IGth Century, with Historical Illustrations, folio, with 62 cotoured plates lliu- 
minated with gold and silver, and highly finished (pub. at 10/. 10«.) luüf bottn4, aMCOceo^ 
extra, gilt edges, 3/. 13«. 6d, 

SPORTSMAN'S REPOSITORY; comprising a Series of highly finished Line Engravings, 
representing tlie Horse and the Dog, in all their varieties, by the celebrated engraver JoaM 
Scott, from original paintings by Keinagle, Gilpin, Stublts, Cooper, and Landseer, aceom> 
panled by a comprehensive Description by the Author of the *' British Field Sports," 4to, with 
37 large Conper Plates, and numerous Wood Cuts by Burnett and others (pub. at 21. 12«. Gd.). 
rlolh .jcllt, l'. 1*. 

STORER'S CATHEDRAL ANTIQUITIES OF ENGLAND AND WALES. 4 vote. 
8vo., with 256 engravings (pub. at 7/. 10«.), half morocco, 2L 12. 6d. 

STOTHARDS MONUMENTAL EFFIGIES OF GREAT BRITAIN 147 beautUUHy 
finLshed Etchings, all of whicli are more or less tinted, and some oftbem highly ülnminateU in 
gold and colours, with Historical Descriptions and Introduction, by Kumpk. Folio (pub. at 
lot.), half morocco, »I. 8«. 

STRUTTS SYLVA BRITANNICA ET S^OTICA; or, Portraits of Forest Trees. dUtin- 
guished for their Antiquity, Mairnitude, or Beauty, comprising 50 very large and highly-finished 
painters* Etchings, imperial folio (pub. at 9/. 9s.), half morocco extra, gilt edges, 4t. 10«. 

1826 

STRUTTS DRESSES AND HABITS OF THE PEOPLE OF ENGLAND, from 
the Estahlistiment of the SaxonH in Britain to the present time; with an historical and 
Critical Inquiry into every branch of Costume. New and greatly improved Edition, with Cri- 
tical and Explanatory Notes, by J. R. Planche', Esq., F.S.A. 2 vols, royal 4to, 1&3 Plates, 
cloth, 4/. 4*. Tlie Plates, coloured, 7/> 7«> The Plates splendidly illumiuated in gold, silver, 
and opaque colours, in the Missal style, 20/. 1841 

STRUTTS REGAL AND ECCLESIASTICAL ANTIQUITIES OF ENGLAND- 

Containing the most authentic Representations of all the English Munarchs f^on J(kh«Mi|.t^ 
Confessor to Henry the K'.ehth; together with many of the Great Personages that werejemi- 
nent under their several Keigns. New and greatly ini])roved Editum, by J. K. Plaitchi^, 
Esq.. F.S.A. Royal 4to, 72 Plates, cloth, 21. 2«. Tlie Plates coloured, 4i. 4k -«plandMl^ 
illuminated, uniform with the Dresses, 12/. 12«. 1842 

•oTUBBS' ANATOMY OF THE HORSE. 24 fine large Copper-plate Engraving*. Imp«, 
rial folio (pub. at 4/. 4« ), boards, leather back, 1/. 11«. 6</. 

The original edition of this fine old wotk, which is indispensable to artists. It has loagbcen 
considered rare. 

TATTERSALL'S SPORTING ARCHITECTURE, comprising the Stud Farm, the aialU 
the Stable, the Kennel, Race Studs, &c. with 43 beautiful steel and wood illastratioua, a«veral 
after Han-cock, cloth gilt (pub. at I/. 11«. 6d.), 1/. 1«. ISM 

TAYLOR'S HISTORY OF THE FINE ARTS IN GREAT BRITAIN, a volt, post 
8vo. Woodcuts (pub. at It. 1«.), cloth, 7«. dd. IMI 

*• Tlie best view of the state of modem ut.**— United State** Gaxettt, 

T0D;S^ ANNALS AND ANTIQUITIES OF RAJASTHAN: OR, 
AND WESTERN RAJPOOT .STATES OF INDIA, COMMONLY CAI 



. THE CBNTBAL 
CALLED BAJPOOT- 



ANA). By Lieut. Colonel J. Ton, imperial 4to, embellished with above 3k «xttMnely bwntl 
All Jiiw Xofravlngi by FiMDSir, and capital laite folding map (4/. Us. M.;, ^Mkf uS» ^tSt 
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TURNSir AND GIRTIN'S RIVER SCENERY; tollo» 20 beautifal encnTioft oa ttML 
' after the drawinga of J. M. W. Tvrkeii, brllliant inpreuioiw, in a poitfotto, wHh morocco 
back (pub. at 5^. i$.), reduced to IL lit. 6rf. 

■ ■■ ' \ ■ . ■ •■ ■ the same, with thick glazed paper between th« plates, half bound morocco, kilt 
fd^es ( p«b. at CI. 6*. ) , redoced to 2^ 2f . 

WAUtER'S ANALYSIS OF BEAUTY IN WOMAN. Preceded by a critical View of the 

Eneral H}-putheses respecting Beauty, by Lboxardo da Vjvci, Mbkos, Wikckblmaxx, 
UM«, Hogarth, Burke, Kniuut, Alisov, and others. New Edition, royal 8vo, illns> 
trated by 22 beautiful Plates, after drawings bum life, by H. Howard, by Oaoci and Lax b 
(pub. at 2/. 2i.), gilt cloth, 1/. I«. 1840 

WALPOLE'S (HORACE) ANECDOTES OF PAINTING IN ENGLAND, with some 
Account of the Principal Artists, and Catalogue of Engravers, who have been bum or resided 
In EnglamL with Notes br Dallawat; New Edition, ReTised and Enlarged, by Ralph 
WoRNux, Esq., complete in 3 vols. 8vo, with nuinerous bvautUül portraiu and plates, 2/. 2a. 

WATTS'S PSALMS AND HYMNS, Illustrated Editiov, complete, with indexes of 
" Sti)\}ects," " First Lines," and a Table of Scriptures, 8vo, printed in a very large and beauti- 
ful type,/emheniiihed with 21 beautiful Wood CuU by Martin, Westall, and others (pub. at 
K.I*.l|,giltcloUi,7«.6cf. 

WHISTON'S JOSEPHUS, ILLUSTRATED EDITION, complete: containing both the 
Antlquilics and the Wars of the Jews. 2 vols. 8vo, handsomely printed, embellixhed with 52 
bcantlAil Wood Engravings, by various Artists (pub. at 1^ 4«.}, cloth bds., elegantly gilt, 14«. 

184S 

WHITTOCK'S DECORATIVE PAINTER'S AND GLAZIER'S GUIDE, containing the 
BMst ap|M[ev«d methods of imitating every kind of flincy Wood and Marble, in Oil or Distemper 
Colour, uesigns for De.orating Apartments, and the Art of Staining and Painting on Glass, 
&c^ with Examples fr >m Ancient Windows, with th« Supplement, 4to, illustrated with 104 
plates, of which 44 are coloured, (pub. at 2/. 14t.) cloth, U, 10«. 

WHITTOCK'S MINIATURE PAINTER'S MANUAL. Foolscap svo., 7 colourwl plates, 
Bad numerous woodcuts (pub. at 5«.) cloth, Or. 

WIGHTWICK'S PALACE OF ARCHITECTURE, a Romance ofArt and History, tmpe- 
rial 8vo, with 211 Illustrations, Steel Plates, and WoodcuU (pub. at 2/. 12«. Gd.), doth, II. It. 

1840 

WILD'S ARCHITECTURAL GRANDEUR of Belgium. Germany, and Franc«, 24 fine 
Plates by Lb Kevx, &c. Imperial 4to (pub. at U. 18«.), lialf morocco, II. 4s. 1837 

WILD'S FOREIGN CATHEDRALS, 12 Plates, coloured and mounted like Drawings, In a 
handsome portR)lio (pub. at 13/. 12«.), imperial folio, 5/. 5«. 

WILLIAMS' VIEWS IN GREECE, 64 beautiful Line Engravings by Mtrxxx, Horsburor, ' 
and others. 2 vols, imperial 8vo (pub. at 6/. 6«.), half bound mor. extra, gilt edges, 2/. 12«. M. 

1829 

WINDSOR CASTLE AND ITS ENVIRONS, INCLUDING ETON, by Lkttch 
Rbitchie, new edition, edited by E. Jesse, Es«., illustrated with upwards of 50 beautiiul 
Engravings on Steel and Wood, royal 8vo., gilt cloth, I0«. 

WOOD'S ARCHITECTURAL ANTIQUITIES AND RUINS OF PALMYRA AND 
BALBEC. 2 vols, in 1, imperial folio, enntnining 110 fine Copper-plat« Engravings, some 
«•ry large and folding (pub. at 71. 7«.), half morocco, uncut, 3/. 13«. id, 1827 



iaatural l^istorg, agrfculture, Src. 

ANDREWS' FIGURES OF HEATHS, with Scientific Descriptions. 6 vols, royal «vn, 
with 30«r beautifully coloured Plates (pub. at 15/.), cloth, gilt, 71. 10«. 1848 

BARTON AND CASTLES BRITISH FLORA MEDICA; OR, HISTORY OF THE. 
MEDICINAL PLANTS OF GREAT BRITAIN. 2 voU. 8vo, illustrated by upwarda of 20« 
Coloured Figures of PlanU (pub. at 3/. 3«.), cloth, 1/. 16«. 184S 

BAUER AND HOOKER'S ILLUSTRATIONS OF THE GENERA OF FERNS, 

in which the characters of eacl. Genus are displsyed in the most elaborate manner, in a series 
of magnified Dissections and Figures, highly finished in Colours. Imp. Svo, Plates, 6/. 1838-42 

BEECHEY. — BOTANY OF CAPTAIN BEECHEY'S VOYAGE. compiinB an 
Aecount of the Plants collected by Messrs. Lay and Colli B, and otlier Oflicers or the • 
Bxpedition, during the Voyage to the Pacific and Behring's Straits. By Sir Williax 
Jack.sox Hoobkr, and G. A. W. Arxott, Esq., illustrated by 100 Plates, beautifully «n> 
graved, complete In 10 parts, 4to (pub. at 7/. 10«.), Si. 1831-41 

BEECHEY .—ZOOLOGY OF CAPTAIN BEECHEY'S VOYAGE, eompUed tttm the' 
Collections and Notes of Captain Beechet and the Scientific Gentlemen who accompanied 
the Expedition. The Mammalia, by Dr. RirHARiisox: Ornithology, by N. A. Vigor«, Esq., 
Fish«*, by O. T. Lay, Esq., and E. T. Bexxett, Esq.; Crustacea, by Richard Owxv; 
JUi««.; ftepUIes, by Johx Edward Gray, Esq.; Shells, by W. Sowrrby, Esq.; and Geology, 

' : by th«<Jt«w* Dr. Boc«laxd. 4tc, illustrated by 47 Plates, containing najqr b«adrcd Figure«, 
WaatUülly eo7cur«a by Bowbrby (pub. at iLi$.), cloth, iU 13«. 6d. 1839 
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80LT0M« NATURAL HISTORY OF BRITISH tONG BIRDS. Tliiitni«« «MK 
PlfWM^ the irtM or LUb, of the Bf rdi, both Male ud Female, la their moat If atnial AttttaAee : 
their Nesta and Efx*« Food, Favourite Plants, Sbruhs, Treea, Ac. kc New BditioM, reviaad 
and Tciy ceoalderaiihr augmented. S Tola, in 1, medhim 4to, contalnliif W beMttitel|jr coloorad 
platee (pub. at I/. St.), half boand morocco, gilt backa, gilt edgea, V. a». ISU 

BRITISH FLORIST, OR LADY'S JOURNAL OF HORTICULTURE, •vob.tvo. tl 

. colourai plates of llowera aad groups (pub. at 4/. Ite. ), ctoth, R Ite. UM 

BROWN'S. ILLUSTRATIONS OF THE LAND AND FRESH WATER SHELLS 
OF GREAT BRITAIN AND IRELAND; with Figures, Deecriptfons, aad Loealitlee of aU 
the Species. Royal «to, containing on 27 large Platea, aao Fignrea «»f all the Icaown British 
Speetoe, tn their tall sixc, accurately drawn from Nature (pub. at Ut.), cloth, lo«. 90, IMS 

CURTtSB FLORA LONDINENSIS; Revised and Imprered by Orobob OaATsa, ex- 
tended and continued by Sir W. jACKaoH Hooku; comprising the History of Planta iadi- 

£»non8 to Great Britain, with Indexes; the Drawings made by Stsbkham, Edwa&ds, and 
nmutr. 5 vola. rovai foUo («r IM parta), contalniiig 647 Platee, exhibütog the fUI uatorat 
ria» of each Plant, with magnified Disseetiona of the Parta of Fmettflcaiion, he, all liuantt- 
Mly coloured ( pub. at S7I. 4«. In parta), half bound morocco, top edges gilt, 90L ISSS 

DENNY— MONOGRAPHIA ANOPLURORUM BRrTANNI>E, OR BRITISH 
SPE0IB8 OP PARASITE INSECTS (published under the patronage of the BrRM AsriMTla- 
Men), gvo, numerous beautiftaUf eohwrea plates of Lice, o<mtaiBlng seretal hundiud vagBtled 
iguraa, cloth, li. lis. fld. U4i 

DON'S GENERAL SYSTEM OF GARDENING AND BOTANY. 4T0li«iM,fwuI4tp, 
moMffous woodeata (pub. at 14i. 8«. ), eloth, li. lu. W. inMHI 

DON'S HORTUS CANTABRIQIENSIS ; thirteenth Edition, tvo (puK at U, 4a.), elMb, Ut. 



DONOVAN'S NATURAL HISTORY OF THE INSECTS OF INDIA. Enlarged, by 

J. O. Wbstwood, Esq., F.L.S., 4to. with M plates, containing npwaida of 190 «KqolalMy 

' coloured figures (pub. at tl. 6t.), clotn, gilt, reaaced to 2L U. Utt 

DONOVAN'S NATURAL HISTORY OF THE INSECTS OF CHINA. aiilait«i,hr 

J. O. 'WxaTWooD. Esq., F.L.8., 4to, with 60 plates, contalniag upwarda of UB exqniritely 
coloured figures (pub. at 6/. 6«.), cloth, gilt, 2/. &a. 

** DonoTan's works on the InsecU of India and China are splendidly Illustrated aad u- 
Iremely usefnl."— ATc/vni/M. 

*' The entomological plates of eur countryman DonoTan, are highly cohrared« etegBBt, aid 
useful, especially those contained in his quarto rolumes (Insecta of India uid China), whMU« 
great number of species are delineated for the first time."— AesiiiMii. 

DONOVAN'S WORKS ON BRITISH NATURAL HISTORY. Vic-Insecta, li Tola, 
—Birds. 10 vols.— Shells. S vols.— Fishes, 5 vols.— duadrupeds, S Tola.— together 99 vols. tf*. 
eoataining 1198 beautifOlIv coloured plate« (pub. at 66/. 9«.), boards, ml. ITit. The same aal of 
89 vols, bound in 21 (pur>. at 73/. 10a.), half green morocco extra, gilt edgea, gilt baeka, ML 
Any of the classes may be had separately. 

DOYLE'S CYCLOPEDIA OF PRACTICAL HUSBANDRY, and Rund AfiUra la 
Oener«l,New Edition, Enlarged, thick 8vo., with 70 wood engravings (pub. at Ms.), ekCh, 
9$.6d, IMS.- 

ORURY'S ILLUSTRATIONS OF FOREIGN ENTOMOLOGY; wherein are exhlUf«d 
• upwards of 600 exotio Insecta, of the Esst and West Indies, China, New Holland, North and 
South America, Germany, &c By J. O. Wbstwood, Esa., F.L.S. Secretary of the Entomo- 
logical Society, he. 3 vols, 4to, 150 Plates, most beautifully coloured, containing above 609 
flgores of Insects (originally pub. at 15/. 15*.), half bound morocco, 6/. 16*. 6d. 107 

EVELYN'S SYLVA AND TERRA. A Discourae of FOiost Trees, and the Propagation of 
Timber, a Philoaophical Discourse of the Earth : with Life of the Author, and Notes by Dr. A. 
Hunter, 2 vols, royal 4to. Fifth improved Edition, with 46 Plates (pub. at 5/. Is.), doth, U. 

FtTZROY AND DARWIN.— ZOOLOGY OF THE VOYAGE IN THE BEAGLE. 

166 plates, mostly coloured, 3 vols, royal 4tn. (pub. at 9/.), eloth, 5/. 5«. 18S8-4S 

GREVILLE'S CRYPTOGAMIC FLORA, comprising the Prfaieipal Species fowid la Great 
Britain, Inclusive of all the New Species recently discovered In Scotland. 6 vekB.ra9ral9vo, 
860 beaotiftilly coloured Plates (pub. at 16/. 16«.), balf morocco, 8/. 8a. 1818-g 

This, thouirh a complete Worte in ttaelf, fbrms an almost faidhpenaable Sumlement to the 
thirty-six volames of Sowerby's English Botany, which does not comprehend C rypte g a Moua 
Plants. It Lb one of the moat aeientifte and beat exeoutod «ctha on IikUgaMNmBoiaiif eftr 
produced in this country. 

HARDWICKE AND GRAY'S INDIAN ZOOLOGY.. Twenty prta. ftmnfevtwp ^wfau, 
royal folio, 808 coloured platea (pub. at »(.), amred, OL Ilk, or half aoncew, gOt adfaa, 
14/.14t. 

«ARRIS'S AURELIAN: OR ENGLISH MOTHS AND BUTTERFLI-, 
Natoral History, togetMr with the Planta en whleh they feed; New and matly 
Edition, by J. O. WasTwoon, Ea«., F.L.S., he, in 1 vol. «n. fitttp, with 44 i^ea, eeoli 
ftbeve 400 figures nf Meths. Butterfiie*. CaterpUlars, ftc, and the Planta on whiah Ih^r 
exqulaltely ooloufeu «Her the original drawings, half-bonad moraeoo, 4L 4s. 
TMa extrmMty haautifU work la the eiriy one wMeh eoatafaia ««rBngHah MattjjnOT 
. Am oftha IMF natural tfw, la all theb chaageaef CT— r p U lar , Oniadia, ke^ wflOi Ik» 
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HOOK&R AND GREVILLE, ICONES RLICUM: OR. FIQURG& Of PERNS 

Wltta J)RSCRlPTIONS, many of vhleh bave baea altovethcr ontMtlcedl by BctuMi, or haTO 

■ot baen corr««Uy figured. 2 vola. folio, with ilA bMuuAilly coiamfi Piatt« (pub. at IW. 4«.), 

half moreceo, fctlt edgeB, 121. 12«. 1120-31 

The grandest and moat valuable of tha many aeiantife Worka prodvecd by Sir WOHam Hooker. 

HOOKER'S EXOTIC FLORA, containing Ftgurea and DeaeriptioM of RaK, or othmnrfae 
intereatlng £xotic PlanU, eapeclally of tuch aa are daaervinff of being cnltivated in our Oar- 
dena. 3 vols, imperial 8vo, containing 232 large and beaatlftaliy ooloured Piatea (pub. «1 1ft/.), 
dotli, 6L 6$. 1823-1827 

Thla ia tbe moat avparb and attractive of all I>r. Hooktr'a valvahl« «oriei. 

"The ' Exotic Flora,' by Dr. Hooker, is like that of ail tba Botaakal pttblleatloaa of the Ib- 
defatigahte author, exrellent; and it aaaumea an appearance of fintah and perfection to 
which neither the Botanical Magazine nor Regiater can externally lay claim."— ^wlaii. 

HOOKER'S JOURNAL OF BOTANY; containing Rgarea and Deacriptfona oTatieh Planta 
aa recommend themaelves br their novelty, rarity, or hiatory, or by the uaea to which they are 
aiipUed in the Arte, in Medicine, and In Doineatie Economy; togetliar with ociääaional 
Botanical Noticea and Information, and oceaxional Portraita and Mamotara of eminent 
Bolanisu. 4 vols. 8vo, oumeroua platea, aeaia colotarod (pah. at St.), cloth, IL 1834-42 

HOOKERS BOTANICAL MISCELLANY; contatolngFlgiiraa and »eacrfptlmia of Plants 
wMch recommend tbemseivea by their novelty, rarity, ur hiatery, or by the uses to which they 
are applied in the Arte, in hfedicine, and in Domeatic Eeooomy, together with occanionai 
Botanical Noticaa and Information, including many valaabla CoaoMinicationa ttom diatln- 
guiahed Scientific Travellera. Complete in 3 thiek- vola. royml •v«^ with IAS plataa, nutny finely 
coloured ( pub. at 6/. S«. ) , gilt cloth, 2i. 12«. 6d. ISSS-SS 

HOOKER'S FLORA BOREAU-AMERICANA ; OR, THB BOTAirr OF BRITISH 
NORTH AMERICA. lUuatrated by 240 piatea, complete in Twelve ParU, royal 4to, (pub. 
St UL Ua.), St. Tha Twelve Pazta complete^ done up in 2 vola. royal 4to, extra cloth, u. 

1129-40 

HUISH ON BEES ; THEIR NATURAL HISTORY AND GENERAL MANAGEMENT. 

' New and greatly Improved Edition, containing alao the Uteal Diacoverlea and Improvemeata 

In every oepartment of the Apiary, with a deaeriptloa of the moat approved Hi v«a now in uae, 

thidc ISmo, Portrait and numeroua WoodcuU (psht at 10«. M), eloili, gilt, fi«. 6d. 1844 

MHNSON'S GARDENER, complete in 12 vola. with numerooa woodenta, eoatafaiteg tha 
Potato, one vol.— Cucumber, one voU — GraiWi Viae, twa wl a> AaTicwla and A^aragiu, one 
veL— Ptna Apple, two vola.— Strawberry, one vol.- bahlia, one vol.— Peach, oa» vaL— Apple, 
two vola.— together 12 vola. I2mo, woodenu (pub. a* It. its.), oleth, 12«. itij 

■ eithar of the volumea may be had scparatalty (pohw at Sa. Sd.), at U. 

JOHNSONS DICTIONARY OF MODERN GARDENING, mtnieroaa Woodcuts, very 

tbUt 12nio, cloth lettered (pub. at 10«. 6d.), 4«. A conpraheaatva and elegaoi volame. 1846 

LATHAM'S GENERAL HISTORY OF BIRDS. Being tb« Natural Hiatory and Deacrip- 
tian of all tlie Birda (above four tliousand) hitherto known or deacrilied by Naturaliata, with 
the Synonymea of preceding Writers : the second enlarged and improved Edition, compre- 
hending all the discoveries in Ornithology subsequent to the former puhlicatlon, and a General 
ladax, 11 vola. in ID, 4to, with upwards or2«ocoloured Plataa, lettered (pub, at S6t. 8«.), cloth, 
71. 17«. 6d. Whirhtttery 1821-28. The same with tlie plates exquisitely coloured like drawings, 
11 vala. tai 10, elegantly half bound, green morocco, gilt edges» 12t. 12*. 

t.EWIN'S NATURAL HISTORY OF THE BIRDS OF NEW SOUTH WALES. 

Third Edition, with an Index of the Scientilic Names and Synonymes by Mr. Ooui.i> and Mr. 
BTXOl^ folio, 27 plataa, coloured (pub. at 4i. 4«.), bL bd. morocco, 2t. 2«. lOS 

UNDLEY'S BRITISH FRUITS; OR, P10URE8 AND DESCRIPTIONS OP THE MOST 
IMPORTANT VARIETIES OF FRUIT CULTIVATED IN GREAT BRITAIN. 3 vola. 
royal Svo, containing 152 most beautifully coloured plates, chiefly by Maa. WiTHBRa, Artist 
ta the Horticultural Society (pub. at lot. 10«.), half bound, morocco extra, gilt adgaa, ftt. ft«. 

1841 
"Ttna-ls as axfruLsitely beautiftel work. Every plate is Uke aliighly llidabed 4rMring, 
atasüar ta thoae in the Horticultural Transactiona.» 



UNDLEY'S DIGITAUUM MONOGRAPHIA. Mia, as plat«« of the FaatglaTa (pah. at 
4t.4«.),eloth, It. 11«.6(t. 



• the aame, the pbitea beautifully coloured (pub. at 9U 6«.), doth, St. 12«. td. 



LOUDON'S (MRS.) ENTERTAINING NATURALIST, being Popular Dcaerlptieca, 
Talea, and Anecdotea of more than Five Hundred Animala, conprehendiag all the Ctuadropeda, 
Birda, Plshea, Reptiles, Insects, fee. or which a knowledge is. Indispensable in polite eauca- 
tlon. With Indexes of Seientlflc aal Popular Namea, an Bxpbuiation of Terma. and an Ap- 
wendlx.of Fabulooa Animala, illustrated by opwarda of 500 beautiful woodcuts by B a wicx, 
llARvvT, Whixprh, and others. New fidinon, revlaad, enlarged, and correctc4 to Um 
present stated Zoological Knowiedgw. In one thick vol. poet Svo. gin cloth, 7«. 6d: isftS 

UMJDON^ Ut C.) ARBORETUM BT FRUTICETUM BRITANNICUM. or the 
Trees and Shru1>s of BriMin, Native and Foreign, delineated and described; with tticitr propa- 
■SU«*, ottituie, management, and uaes. Saeond improved Edition, S vom. Sva, with abmra 
Im plates 0ftrces,aad«p«MdaofSftiMwaoa«iMaortraaaaad8hrmhB(p«h. at isti^p ftt: S« IS4* 
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GATALOGDE OF NEW BOOKS 



MANTELLSCDR.) NEW GEOLOGICAL WOKK. THE MEDALS OF^C^EATIOV 
or Pint LesBoni In Oeolofy, and in the Stndy of Orsanic Remains; ineludiiuf Otooki|rteftI-'&C 
cursiona to the Isle of Sheppey, Brighton, Lewes, TUgate Forest, Charnwood PDreat^ Ferring* 
dnn, Swindon, Calne, Bath, Bristol, Clifton, Matlork, Crich Hill, itc. By OimtoN ■ ALcbr* 
Kox Mavtbll, Esq., LL.I)., F.R.8., tie. Two thick vols, foolscap 8vo, with coloured 
Plates, and several hundred beautifVil WooUcuU of Po'sil Remains, cloth gUt, It. U^ >•■- U44 

MANTELL'S WONDERS OF GEOLOGY, or a Familiar Exposition of GMtopleia Phe- 
nomena. Sixth arrcatly enlarged and improved Edition. 2 vol«, post 8vo, coloured rlat^ and 
upwards of 200 woodcuU, gilt cloth, 18«. 1848 

MANTELL'S GEOLOGICAL EXCURSION ROUND THE ISLE OF WIGHT, 

and along the adjacent Coast of Dorsetshire. In 1 vo}. post 8vu, with numeroos beautifully 
executed Woodcuts, and a Geological Map, cloth gilt, 12«. 184} 

MUDIES NATURAL HISTORY OF BRITISH BIRDS; OR, THE FEATHERED 
TRIBES CF THE BRITISH ISLANDS. 2 vols. 8vo. New EdiUon, the PUtes beauti- 
fully coloured (pub. at U. S$.), cloth gilt, 16«. 183S 

*'This is, without any exception, the most truly charming work on Ornithology which haa> 
liitlierto apiteared, from the days of WiHoufrhhy downwards. Otlier authnrc describe,: 
Miidie paints; other authors give the husk, Mudie the kernel. We most heartily concur 
with the opinion expressed of this work l«y Leigh Hunt (a kindred spirit) in the first few 
numbers of his right pleasant t.tmd<m Journal. The descri|>tions of Bewirk, Pennant, 
Lewin, MonUgu, and even Wilson, will not for an instant stand comparison with the 
spirit-stirring emanations ofMudie's * living pen,' as it has been called. We are not ac- 
quainted with any author who so felicitously unites beauty of stvie wlta strength and nenr« 
of expression ; he does not specify, but paints."— If ooc/*« OrnitkologieaiCmde. 

RICHARDSON'S GEOLOGY FOR BEGINNERS, comprising a familiar Explanation of 
Geology and iu assoriate Sciences, MinornUigv, Physical Oeologr, Fossil Concliology, PossU 
Botany, and Palaeontology, including Dirertions for forming Collecttoa*. Jte,. By G. F. 
RicHAKDHOK, F.O.S. (formerly with Dr. Mantell, now of the British Museum). Betond 
Edition, considerably enlarged and improved. One thick voL post Svo, illustrated by upvarda 
of 260 WoodcuU (pub. at 1»«. 6<i.), cloth, 7«. 6d. 1846 

SELBY'S COMPLETE BRITISH ORNITHOLOGY. A most magnificent woric of the 
Figures of British Birds, containlM exact and faithfUl representations in their fUU natural sixe, 
of all the known species found in Great Britain, 383 Figures in 228 beautiftaUy c0la«r«d Plates. 
2 vols, elephant folio, elegantly half bound morocco (pub. at lOSf,), gilt back and gilt edges, 
ZU. 10«. ISS« 

*' Tlie grandest work on Ornithology published in this country, the same for Brltiili \Bird8 
that Audubon's is for the birds of America. Every figure, excepting in a very fisw Instances of 
extremely large birds, is of the füll natural size, beautifully and, accurately drawn, with all the 
spirit of life. "—OmiMototrür« Te*t Book. 

" What a treasure, during a rainy forenoon In the country, is such a gloriootljr Hlvnlattetf 
work as this of Mr. SelbyT It is, without doubt, the most splendid of the kind CTer pubHshet 
in Britain, and will atMid a compaxiaon, without any eclipse of its lustre, with the most magni- 
ficent ornithological illustrations of the French school. Mr. Selby has long and daaenredJy 
ranked high as a scientific naturalist."— iftecAioooff'« Alagasine. 

SELBY'S ILLUSTRATIONS OF BRITISH ORNITHOLOGY. 3 yoIi. Sro. Second 
Edition (pub. at If. 1«.), boards, 12«. 1832 

SIBTHORP'S FLORA GR^CA The moat costly and mngnfflcent Botanical werk *rer pub- 
lished. 10 vols, folio, with 1000 beautifully coloured Plates, half bound moroeeo, publishii« 
by subscription, and tlie number strictly limited to those subscribed for (pub. at Vat.U 6iL 

Separate Prospectuses of this work are now ready for delivery. Oniv forty copiea of the 
original stock exist No greater numl>er of subscribers' namea can therefore be reoutcd« . 

SIBTHORP'S FLOR^ GR^C^ PRODROMUS. Sive Piantamm omniun Baivneratlo, 
quas in Provincils aut Insulis Gracin invenit Jon. Sibtiiorp: Characteres e t Synonyma 
omnium cum Annotationibus Jac. Eoy. Smith. Four parts, in 2 thick vols,«vö f pub. at- 
21. 2«.), 14«. Londim^ 181« 

SOWERBY'S MANUAL OF CONCHOLOGY. Containing a complete Introdi>itV>n ifo the 
Science, illuntrated by upwards of 650 Figures of Shells, etched on copper-platee, in which the 
most characteristic examples are given of all the Genera estsbila^eJ up to the'itniNnt time,, 




enlarged and improved, with numerous Woodcuts In the text, now first added, Svo^cloth, 18«. 
The plates coloured, clotn, 1/. IC«. 1840 

SOWERBY'S CONCHOLOGICAL ILLUSTRATIONS; OR, COTOtthed FIGURES 
OF ALL THE HITHERTO UNFIGURED SHELLS, complete in »«u Quells, 8vo,'comprb. 
Ing several thousand Flgum, in parte, all beautifül.y culoure«! (pub. at 15/.), 11, Ms. 184S 

SPRYS BRITISH COLEOPTERA DELINEATED; contafnn.> Figures ana t>eM^ioM 
of all the Genera of British Beetles, edited by Shuckard, Svo. with 94 plates, eomptisias 6St 
figures of Beetles, beaatff^lly and most accurately drawn (pub. at //. m.), cloth. If. Is; IMI 
'* Tlie moat perfeet work vet publiabed in this department of British Entomoit^y^f .■ 

STEPHENS' BRITISH ENTOMOLOGY, 12 vob 8vo, loo coloured PUte« (MdLatsU.!, 
balfbound. Sf. 8«. - mt^ 

aepanteiy, LsnooPTSKA, 4 vols. 4/. 4«. Colkoptkra, « vola. 41. tL 

OmxuoF», KjtUMnr . He 1 1 v«t if •■ ÜTiieaoirraaA, 2 vote. Sf. ti» . ; i 
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isWA(NÖON'S exOTiC CONCHOLOGY; OIL FIOVRE8 and descriptions or 

&ARf^ fi£AUTlFUL, OH UNDKSCKlitED SHELLS. KoyaUtu, conuitunt; M large ud 
bMuUfulljr coloured tigurei of Shells, half bound niur. gilt edges (pub. at il, 6*), 2^ 13*. 6d, 

SWAINSON'S ZOOLOGICAL ILLUSTRATIONS: OR, ORIGINAL FIGURES AND 
DESCKIPTIONS OF NEW, RARE, OR INTERESTING ANIMALS, selected chieflj 
Urom the Class*« of Oruitliulüg>-, Entorooiogy, and Conchology. 6 vols, royal Sto, coDtainiag 
SIS ftnAtjr coloured plates (pub. at WL 16».) » half bound morocco, gilt edges, 91, s*. 

SWEETS FLORA AUSTR ALASICA ; OR. A selection of handsome OR 
CURIOUS PLANTS, NaUves of New Holland and the South Sea Islands. 15 Nos. forming 
1 ToL rojral Svo, complete, with M beautifully coloured plates (pub. at 31, 15«.), cloth, 1/. 18*. 

1827-2S 

SWEETS CISTIN0E; OR, NATURAL ORDER OF CISTUS, OR ROCK ROSE. SO 
Nos. funning 1 voU royal Svo, complete, with 113 beautUülly coloured plates (pub. at U, 5«.), 
cloth, 21. 12«. 6d, ISas 

** Cm of the most InterMtlng, and hitherto the scarcest of Mr. Sweet's beautiful pnbUcatioBs.*' 



iDatgcellantoug Snglis]^ Utteraturt, 



INCLUDIXO 



HISTOBT, BIOGRAPHY, VOYAGES AND TRAVELS, POETRY AND THE 
DRAMA, MORALS, AND MISCELLANIES. 



BACON'S WORKS, both EnglUb and Latin. With an Introdoetory Essay, and eoploni 
iBdesea. Complete in 2 large vols, imperial Svo, Portrait (pub. at S^ S«.), cloth, 1/. 16«. 1S3S 

BACON'S ESSAYS AND ADVANCEMENT OF LEARNING, with Memoir and Notes 
by Dr. Taylor, sqiuure 12mo, with S4 ^Voodcuts (pub. at i«.), ornamental wrapper, S«. 6d. 

BANCROFTS HISTORY OF THE UNITED STATES, flrom the Discovery of th« 
American Continent. Twelfth Edition, 3 vola^Svo (published at 2^ 10«.), cloth. It, 11«. id. 

1S47 

BATTLES OF THE BRITISH NAVY, fh>m a.d. looo to isio. By Josxpr Axuv, of 
Greenwich Hospital. 2 thiclc elegantly printed vols, foolscap Svo, illustrated by 24 Portraits 
offiritish Admirals, beautifully engraved on Steel, and numerous Woodcuts of Battles (pub. 
at 1/. 1«.), cloth gilt, 14«. IMS 

*' These volumes are invaluable; they contain the very pith and marrow of our best Naval 
iUaterics and Chronicles."— 5un. 

**The best and roost complete repository of the triumphs of the British Navy wliich has yat 
issued from the press."— C/iiif«d Senkt Guxette. 

BORDERER'S, THE TABLE BOOK, or Gatherings of the Local HUtory and Romance of 

the English and Scottish burdkrs, by M. A. Richarhson (of Newcastle), 8 vols, bound in 4, 

royal Svo, Illustrated with nearly 1000 Interesting Woodcute, extra cloth (pub. at 3^ 10«.). 

II. 11«. Ifewetutte, lüß 

*»* One of the cheapest and most attractive sets of books imaginable. 

BOSWELL'S UFE OF DR. JOHNSON; BY THE RIGHT HON. J. C. CROKER, 

Incorporating bis Tour to the Hebrides, and accompanied by the Commentaries of all pre- 
ceding Editors: with numerous additional Notes and Illustrative Anecdotes; to which are 
added Two Sopplementery Volumes of Anecdotes bv Hawkiks, Piozzi, Mdiiphy, Ttbbs, 
Bbtkolds, Stkbvbns, and others, to vols. 12mo, illustratod bv upwariu of 50 Views, Por- 
traits, and Sheete of Autographs, finely engraved on Steel, from Drawings by Stanfiekj^ Hard- 
ing, ftc, cloth, reduced to 1^ lo«. 184g 

This new, improved, and gftatly enlarged edition, beautifully printed in the popular fonn ot 
Sir Walter Scott, and nyron's Works, is Just such an edition as i)r. Johnson himself loved and 
recommended. In one of tlie Ana recorded in the supplementary volumes ofthe present edi- 
tion, he says : ** Books that you may carry to the fire, and hold readily in your hand, are tlia 
mokt useful after ail. Such liooks form the mass of general and easy reading." 

aOURRlENNE'S MEMOIRS OF NAPOLEON, one stout, closely, but elegantly printed 
vol., foolscap 12mo, with fine equestrian Portrait of Napoleon and FronUspiece (pub. at S«.l. 
eiD«i,3«.6d. Uli 

BRITISH ESSAYISTS, viz., SpecUtor, Tatler, Guardian, Rambler, Adventwer, Idler, and 

ßianoiseur, 3 thick vols. Svo, portraite (pub. at 21, S«.), cloth, 1/. 7«. JUther volume may Im 
dsepatute. ^ 

•BRIWOH POETS, CABINET EDITION, contelainr the complete «oika oftb« ntadMl 
Xngttoh poets, ftou Milton to KIrke White. 4 vols, poet Svo (sIm of Btandvd UbniVT 
ptiated in a very aaaail but beautlAil t>-pe, n Medallion Poittahs QHih. st S(. Is.}, etotk« Ilk 
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BROUGHAM'S (LORD) POUTICAL PHILOSOPHY, 

Uon, 3 vols. 8to (pub. at U. II«. fid.), cloth, IL It, 

I British CoBititatioo {» portion of tb* prceedloR work), tv». cloth» St. 

BHOUQHAM'S (LORD) HISTORICAL SKETCHES OF STATESMEN,- and oiker 
Public Chararten of the tlm« of Goorgo III. VoL III. royal Svo, wtth la litte peitiahs 
(pub. at IL lt.), cloth, 19>. id. IM* 

BROUGHAM'S (LORD) LIVES OF MEN OF LETTERS AND SCIENCE, Who 
flourished in the time of George III, royal 8vo, «itb 10 fine portraits (pub. at U. 1«.), doth, Us. 

• ■ ■ the laiDB, also wttk the portraits, demy 8to ( pub. at II. Is. ), doth, lOe. (M. IBM 

BROWNE'S (SIR THOMAS) WORKS, COMPLETE, inclj^iiig his Vulgar Erran. 
Beligio Medici, Urn Bnriai, Christian Morals, Cormpondencei JetHals, and Tracts, BUBj^of 
them hitherto unpubltohed. The whole collected and edited by SiMO« Wilkik, FJmS.' 4 
Tols. 8to, fine Portrait (pub. at 2/. 8«.), cloth, U. lU. fid. /'irAeriaf, ISSfi 

««Sir Thomas Browne, the contem|ior«ry of Jeremy Taylor, Hook«, Bseen, Sohln, aad 
Robert Burton, is undoubtedly one of the moat eloquent and poetical of that great literary era. 
lUs thouifhts are often truly sublime, and always conveyed in the most impressive laaguaga.'t 
— CKombert. 

BUCKINGHAM'S AMERICA; HISTORICAL, STATISTICAL, AND DESCRIPTIVE, 

viz. : Northern States, 3 vols.: Eastern and Western States, 3 vols. : Southern or Slave Statf^ 
2 vols.; Canada, Nova Scotia, New Brunswick, aad the other British i>rovinces in Vottk 
America, rvol. Together 9 stout vols. Svo, numerous fine Engravings (p»b. at %t, lOt. <d.), 
cloth, 21. lit. fid. 1841-4S 

««Mr. Buckingham goes deliberately throvgti the States, treating of all, historleaUy and sl»- 
tistically— or their rise and progress, their manuCnctures, trade, populatioiu tojMBjgraphyi ftr- 
4iilty, reaourevs, morals, manners, education, andiso forth. Hit «o/nsM» wiii b»fowtd<^Mutt~ 
h<nue *tf knowledge.'* m^thaunmt. 

'« A very entire and comprehenslTe view of the United States, dnigsuBtly eollscted by » ■•• 
of great acuteness and observation."— Ltf«rary Gmelte. 

BURKE'S (EDMUND) WORKS. With a Biographical and Critical Introdnction by Booxsa. '■ 
2 vols, imperial 8vo, closely but handsomely pruited [ pub. at 2/. 2«.), doth, lU 10«. IfAl 

BURKE'S ENCYCLOP>eDIA OF HERALDRY; OR, GENERAL ARMOURY 

OF ENGLAND, SCOTLAND, AND IRELAND. Comprising a Registry of all Amorial 
Bearings, Crests, and Mottoes, flrora the Barliest Period to the Present Time, iadodk« iM 
late Granu by tlM Oollegoof Arms. With an Introauetlo« to HenMry, and a Dictionary of 
Terms. Third Edition, with a Supplement. One very large vol. imperial 8vo, heantlrally 
printed in small type, in double columns, by Wiiittivghau, erobdliaaed with an elaboral* 
Frontispiece, riehly UiumlBated in gold aad colours; also Woodcuts (pub. at 2<. 3s.), «lath 
gilt, \L 6t. 1844 

The most elaborate and useful Work of the kind ever published. It contains upwards of 
S0,000 ai-morial liearings, and incoroorates all that Imve hitherto, boea given hv Gullliai, BA- 
mondson, Collins, Nishet, Berry, Robson, and others; besidee many thouaand names whwh 
have never appeared in any previous Work. This volume, in CiMEt, in a snail eeuposs, bnt 
without abridgment, contains more than four ordinary quartos. 

BURNS' WORKS, WITH LIFE BY ALLAN CUNNINGHAM. AND NOTES BY 
SIR WALTER SCOTT, CAMPBELL, WORDS WORTH, LOCKHART, fee. Royal tvo, 
fine Portrait and Plates (pub. at 18a.), cloth, uniform with B>Ton, lo«. fid. IS41 

Tills is positively the onlv complete edition of Burns, In a single volume, 8vo. It contains 
not only ever}' scrap which Burns ever wrote} whether prose or verse, bet also aiCoasMorahle 
number of Scutch national airs, collected and illustrated by him (not given elsewhere) and ftill 
and interesting acruunis of the occasions and circunwtaocee of h» various writings. The 
▼ery complete snd interesting Life by Allan Cunningham alone occupies 164' pages, aad the 
Indices and Gluaaarj' are very copious. The whole forms a tlilckelegantly printed volone, 
extending in all to 848 paves. The other editions, Including one puhllHlied in similar ahnpc, 
with an abridgment of the Life by Allan Cunningham, comprised in only 4? pagos, and its 
whole volwne in only M4 pasM, do not contain above two-thirda of «ha ahovM 

CAMPBELL'S UFE AND TIME» OF PEHTRARCH. Wtthltotlre»orBoreaecloaKdhls 
Illostrious Contemporaries« Seooad Edition. 2 vols. Svo, Saa Porttaita- aad Piatas (p«K at 
12. 11«. fid. ), cloth, lu. IMI 

GARY'S EARLY FRENCH POETS, & Ssries of Notices aad Translations,, with an lalro. 
dnctory Sketch of the History of nrench Poetry; Edited by his Son, the Rev. HjKVftir Cart. - 
fbolseap, 8vo, cloth, it. VU^ 

CARrS LIVES OF ENGUSH POETS, sowlemeÄtair to Dr. JoHVaox's **Uitm.** 

Edited by his Son. foolscap 8vo, cloth, 7«. 184f 

CHATHAM PAPERS, being the Correspondence of WIIHsn Fttt, Eari of Chatham 
Bdited by the Exefiiton of his Son, John Eari of Chatham, and publlabed ttom Xhm Otigiaa. 
Manuscripu in their possession. 4 vols. 8vo (pub. at 3^ 12«.), cloth, 1^ it, 

"A prodnctlon of greater historical Interest could hardly be Imagined. It is a staadM 
work, which will directly pass into every library."— irtrrary G«2ette. 

«'There Is hardly any man in modern times who nils so large a space In ovr hlstoij. aai oT 
whom we know so little, as L4ird Chatham ; he was the greoieac Statesman aad OiWK ||at 
Wb coaotiy ever prodpcad. We retard this Work, theteibre, as one of the gnatsai «alM.^-<* 
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CHATTCIfnSlffS WOUKSf "both ProM and Poetical, Includlffg his Lttton ; with Nu—.. 

' «tf IiIb Uli. MittOTT of the Kowley Controversy, and Motes Cnucai auu fixplanatory. 2fol . 

••«tt'8««. cMgaatly printed, wtth Kngraved Tte-slmilet of Chaturton'« HandwriUng and the 

BMvlty M88. (pab. «t Ut,), ololh, •«. Larfe Papar, a vols, erown Svo (pub. at IL U.), eloth. 

Ilk U42 

<*Wart0tt,1laloiie, Croft, Dr. Knox, Dr. Sherwln. and others, in pnuie; and Scott, Words- 

%octh, Kirke White, Montgomery, Shelley, Coleri^ga, and Kaats, In «eiaa ; ha«* epalerred 

lutlnK Immortality apon the Poems of Chatterton." 

^'Chatterton'awaaa genins 1 *e that of Homer and Shakapeare, «hiidi appaars ndt aboTe 
•BMlinMuiy-eemBrlas.^'— FientHMu Knt, 

CLARKE'S (DR. E. D.) TRAVELS IN VARIOUS COUNTRIES OF EUROPE, 
ASIA, AND AV&ICA, 11 nda. tvo, maps and plates (pab. at 10^), cJotli, V, i$. 1I27>34 

CLASSIC TALES, Cabinet BdMon, eoroprfadng the VIearof Wakefield, Elisabeth, Paul and 
Vininla, Oalliver's Travels, Sterne's Sentimental Journey, Sorrows of Weiter, Tkeodosiiu 
and Constantia, Castle of Otnuito, and Basaolas, ooaplete ta 1 ^ol. lamo. ; 7 medailiiu por- 
tMlU (pub. at UU. «dUU cloth, 3«. U, 

CN>tJMAN'S (QEORGE) POETICAL WORKS, containing hU Broad Grins. VagaiiM,md 
Xeewitrlcttlea, a4mo, woodcuts (pub. at 2«. 6d.), cloth, 1«. 6d. -1H4U 

C0OP£R'S g. F.) HISTORY OF THE NAVY OF THE UNITED STATES OF 
AMERICA* Aom the EaxUmt Perloa to the Peaoe of ISU, 3 vols, Svo (pnb. at 1/. l««.),.gllt 
olotk, I3f. 183S 

COPLeyS (FORMERLY MRS. HEWLETT) HISTORY OF SLAVERY AND IT9 

ABOLITION. Second Edition, with an Appendix, thick small Svo, fiae Poxtcalt of 
Gla»ksiMi ( p uh. at o*. ), eloth, 4$, id. 



OOSHTELLO'S SPECIMENS OF THE EARLY FRENCH POETRY, from the timoof 

. the "i^abadoanto the Reign of Heury IV, poat Bvo, with 4 Plates, splendidly ilhuninated in 

(Old and colours, clotli gilt, 18«. 1135 

COWPER1B COMPLETE WORKS, EDITED BY SOUTHEY; eompfising bis Poems. 
Correspondence, and Translations; with a Life of tJie Author. lA «ols. post Svo, eml>elUsbed 
vrf th iiameroaa «zqalalte Engravings, after the deaigns of Hakvuv (pub. atU. tft«.). cloth. 

This Is the only complete edition of Cowper's Works, prose and poetical, which has ever 
haafl.giYan to the world. Many of them are adil oxclusiveiy «opyiight, and eoBsaqueaUf 
cannot appear in any other edition. 

CRAWFURD'S (J.) EMBASSY TO 81AM AND COCHIN-CHINA. 2 toU. svo. 
MjqM, and 2ft Plates (pub. at U. 11«. 6d.W cloth, 13*. UM 

CRAWFURD'S EMBASSY TO AVA, with an Appendix on Fossil Remains by Professor 
BacKiJiMD. 3 vols. Svo, with 13 Maps, Plates, and Vignettes (pub. at 1^ 11«. 6i^), cloth, 
ISt. ISM 

CBUIKSHANK:S three courses and a dessert, a Series of Tales, in Thice 
Sets, viz., Irtoh, Legal, and Miscellaneous. Crown Svo. with 51 extremely clever and comie 
JUoatratlena (publishing ha the Ulustrated Library at bt.) 

** This is an extraordinary Performance. Such an union of the painter, the poet, and the 
aovelist, in -one person, is unexampled. A tithe of the talent that goes to making the stories 
woald- set up a dosen of annuai writers ; and a tithe of the inventive geuiia that ia dispUyadla 
^ba lllostrattona would furnish a gallery.*'— Si«c<a<or. 

OftVIS'S SKETCHES OF CHrNA, During an inland Journey of Pour Months; with an 
lUaoont of the War. Two vols., post tvo, with tuawm nap of China (pab. at Ma.), cloth, 0«. 

1S4I 

OIB0IN<S BIBLIOMANIA: OR BOOK-MADNESS. A Bibliographical BonMneo. New 

Edition, with considerable Additions, including a Key to the assumed Cliaraoters in the 
Drama, and a Supplement. 2 vols, royal Svo, handsontely printed, embellisiicd by numeroas 
Woodcuts, manv or which are now first added (pub. at 3^. 3*.), cloth, 1/. iLi. 6ä. Large Paper, 
'imperlahflvo, of which only very few copies were printed (pub. at U. 5«.), cloth, H. 13«. 9a. 

1843 
This celebrated Work, which unites the entertainment ofa romance with the most «ahiablo 
laBiwaUon en all blbHograpbical subjects, has long been very scarce aiul sold for coasidarabio 
anasB— Che small paper for Si. s«.. and the large paper for upwards of 5U guineas! 1 1 

OtBDtN*S (CHARLES) SONQS, Admiralty ediUen, oomulete, wtth a Memoir by T. 

. DtBfiVif, Illustrated with 13 Characteristic Sketches, engraved on Steel by Gkoagk Chuik- 

•HAVK, 13mo, cloth lettered. 5«. lS4t 

DOMESTIC COOKERY, by a Lady (Mrs. RuxDni.) NewEdlrlon, with numerous«ddHioaal 
Iteoelpu, by Mrs. Birch, l2mo., witli ii plates ( pub. at 6s.) cloth, 3«. 154« 

OBAKTS SHAKSPEARE -AND HIS TIMES, including the Biography of the Poet, 

' «iHflcisnis on his Oenius and Writings, a iiew Chronoiegy.or Lis Plays, ond a History of the 

• Manaers, Customs, and Amusements, Superstitions, Poetry, and Literature of the Bliaabethan 

Era. 3 vols. 4to (above 1400 pages), with fine Portrait and a Plate of Autographs (puli. at 

§uu»)t cloth, u. u. lur 

' <*X maateriy production, the publication of which will form an epoch In the Shaksperian Ms- 
torrofthlacooatry. It compiises also a complete and critical aiwlvsis of all the Plays saA 
'"" — of Shakspeara: ami a coispraaeaaive and putscrtül akacdi ai tte coolt^^unxy ," — 




)6 CATALOCrÜB or VSW BOOSA 

CNQUSH CAUSES CELEBRES, OB, BEMAAKABLB TBIAI& 

i*4f.), onMnnenta] «nwiMr, 2«. i -.:. ..vl 

FENN'S PASTON LETTERS, Original Letten of the Parton FamUy, wrMm dwi 
Jleinsof Henry VI, Edward iV.and Richard III. lijr various Persona of.BJUi^lUV^ (^ 
■ueneCf chtefljr on Iilstorical SuKjecU. New Edition, with Motes and Corrections, com| 
2 vols, bound in 1, square ISmo (pub. at lo<.), cloth gilt, ft». OnainUy bound in bi 
morocco, carved hoards, in the early style, frilt edges, 1ft«. > . - '< ^ tUt§ 

The original edition of this very eurlous and interesting series of historical Lett«iai 4s a nam 
book, and sells for upwards of ten guineas. The present is not an abridgment, as might hm 
supposed ft-om its fonn, but gives the whole matter by omitting the dupiieate version of Um» 
leners written in an obsolete language, and adopting only the more moaem, readable version 
published by Fenn. 

*' The Paston Letters are an important testimony to the progressive condition of society, and 
come in as a precious link in the chain of the moral history of England, which they alone la 
this period supply. They stand Indeed singly in Europe."— üla/lam. 

FIELDING'S WORKS, EDITED BY ROSCOE, COMPLETE IN OKB VOLUME. 

iTom Jones, Amelia, Jonathan Wild, Joseph Andrews. Plays, Essars. and Miscellanies.) 
fedium 8vo, with 20 capital Plates hy Cruiksiiakk .pub. at U. 4«.), cletli gilt, 14«. ISM 

'*Or all tlic works of imagination to which English genius has given origin, the writings nf . 
Henry Fielding are perhaps most decidedly and exclusively her own." — Sir WtUer Scott, 
**Tne prose Homer of human nature."— /.orti Uyron. 

FOSTER'S ESSAYS ON DECISION OF CHARACTER ; on a Man's Writing Memoira 

of Himself: on the epithet Homantic: on the Aversion of Men of Taste to Bvangelical Reli- 
gion, ftc. Fcsp. 8VO, Eighteenth Edition (pub. at 6«.), cloth, ft«. 184g 
'* I have read with the greatest admhration the Essays of Mr. Foster. He Is one of tiM moat 
profound and eloquent writers that England has produced."— Ar Jörne» MaMiUmk. 

FOSTER'S ESSAY ON THE EVILS OF POPULAR IGNORANCE. Itovnutkm, 
elcaantly printed, in fcap. 8vo, now first uniform with his Essays on Decision of Onuttcr, 
cloth. 6«. IMT 

"Mr. Foster alwajrs considered this his best work, and the one by wliieh iM 
literary claims to be estimated." 

** A work which, popular and admired as it confessedly Is, has never met with the 
part of the attention which it deserves."— /Jr. Pye Smith. 

FROISSARTS CHRONICLES OF ENGLAND. FRANCE, AND SPAIN, «tO. »ew 

Edition, by Colonel Johnes, with 130 beautlAil Woodeuu, 2 vols, super-royal Svo, elolk 
lettered (pub. at 1/. 16«.), 1^. 8«. 18» 

FROISSART, ILLUMINATED ILLUSTRATIONS OF. 74 plates, printed in goM and 
'colours, 2 vols, super-royal 8vo, half bound, uncut (pub. at 4/. 10«.), U. 10«. 

■■ the same, large paper, 2 vols, royal 4to, half bound, oncnt (pub. at lOL Ute.),il.ge. 

FROISSARTS CHRONICLES, with THE 74 ILLUMINATED ILLUSTRATIONS 
INSERTED. 2 vols, s -per-roval 8vo, elegantly half bound red morocco, gilt adgos, eablo- 
matically tooled (pub. at 6/. 6«.), 4/. 10«. U49 

GAZETTEER.— NEW EDINBURGH UNIVERSAL GAZETTEER. AND OEOORA- 
PHICAL DICTIONARY, more complete than any hitherto published. New Edition, revised 
and completed to the present time, hy John Thomsow (Editor of the Vnirenttl Atta»^ k**), 
very thica 8vo (1040 pages), Maps (pub. at 18«.). elotli, 12«. 

This comprehensive vulume is the latest, and by far the best Universal Gazetteer of Its ilse. 
It Includes a füll account of Affghanistan, New Zealand, fte. fte. 

CELL'S (SIR WILLIAM) TOPOGRAPHY OF ROME AND ITS VICINFTY. An 

improved Edition, complete In 1 vol. 8vo, with several Plates, cloth, 12«. With a very faugo 
Map of Rome and its Environs (fVom a most careful trigonometrical survey), mounted on clotn, 
and folded in a case so as to form a volume. Together 2 vols. 8vo, cloth. If. 1«. 184g ■ 

*' These volumes are so replete with what Is valuable, that were we to employ o«r nntiBe 
Journal, we could, after all, afford hut a meagre Indication of their interest and worth. It Is, 
Indeed, a lasting memorial of eminent literarv exertion, devoted to a subject of great Import- 
ance, and one dear, not only to everv scholar, nut to every reader of InteUigenc« to Whom the 
truth of history is an objpcl of consiaeration." 

GILLIES' (DR.) HISTORICAL COLLECTIONS, Relating to Remarkable Period* of the 
Success of the Gospel, including the Appendix and Supplement, with Prefaces and Con- 
tinuation by the Rev. H. Bokar, royal 8vo (pub. at 1&«. od.), cloth, 7«. 6d. Xati 

OLEICS MEMOIRS OF WARREN HASTINGS, first GovemoruGeneral of Besial. S 
vols. Svo, fine Portrait fpuh. at 2/. 5«. ), cloth. If. 1«. 1S41 

GOETHE'S FAUST, PART THE SECOND, as completed In issi, translated Into BngiUi 
' Verse by Johk Macdomalo Bbu., Esq. Second Edition, fcap. 8vo (pub. at 6«.), doth, «t. 

fiOLDSMITH'S WORKS, vith a Life and Notes. 4 vols, fieap. Cvo, with engraved Tttles and 
Plates by Stotua&i} and Crvikshaxk. New and elegant Edition (pnb. at U.), extm 
cloth, 12«. 1»M 

** Can anv antbor— can even Sir Walter Scott, be compared with Goldsmith for the mhlj^ 
beauty, ana power of his compositions f You may take him and * cut him out In little stan,' no 
many lights does he present to the Imagination."— WfAeiKmnt. 

**The volumes of Goldsmith will ever constitute one of the most predotui *wtlk i 
nndeflled.' "—Quarterljf Rteiew. 



GORDON'S HISTORY OF THE GREEK REVOLUTION, and of the Wan mA G 

paigns arising fTom tlie Struggles of the Greek Patriots in emancipating-their country IraBi 
Turkish yoke. By th« late Thomas Gordon, General of a Division of the QwiA Ar._. 
fecond Edition^ t vols. Ivo, Maps and Plans (pub. at If. lo«.), cloCli, lOt. U, Utt 
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QOWT «yS ^WOORAPHiCAL DICTIONARY, s thick vols. Sto, dolli lettered (pilh « 
■1/. it.UlLlU.8d, 

Gf^A1VVT(,LrS (DR.) SPAS OF ENGLAND and Principal 8c« Batbinr Places, t veU. 
pott Sto, «fib large Map, aud upwarda of SO beautiful Woodcut« (pub. at IL lit.), dtth, ISa. 

GRANVILLE'S (DR.) SPAS OF GERMANY, 8to, with 39 WoodenU and Maps (pub. ak 

18«.)icletb, 9«. 1M3 

HALL'S (CAPTAIN BASIL) PATCHWORK, conilttlng of TraTcIa, and Adrentnrei i» 
Swftxeriand, Italj, France, Sicily, MaiU, fte. S vols, 12mo, Second Edition, cloth, (lit (pubb at 
IV.)» 7«. 6cf. 

UEEREN'S (PROFESSOR) HISTORICAL WORKS, translated f^om the German, Tic- 
AsJA, New Edition, complete in 2 toIs.— Africa, 1 vol.— Europe axd its Colowiks, t 
Tol.— Akci£8t Greece, and Historicai. TREATians, i toI.—Makual of Akcibxt Hxa* 
TORT. 1 vol.— togetlicr 6 vols. Mvo (formerly pub. at 7<.), cloth letteredf uniform, il, U» 
*»* New atul Complete EdUbma, wUk General IndereB. 

" Professor Heeren's Historical Researches stand In the Tery highest rank among those vtHi ' 
t^hlch .modern Germany has enriched the Literature of Europe."— Qi(ar<er<jr Remew. 

HEEREN'S HISTORICAL RESEARCHES INTO THE POLITICS, INTERCOURSE, 
AVB TIIAJ3E8 OF THE ANCIENT NATIONS OF AFRICA ; inchiding the Carthaginians, 
Ethiopians, and Egyptians. New Edition, corrected thntua^out, with an Index, Life of the 
Author, new Appendixes, and other Additions. Complete in 1 toL 8to, cloth, 16«. ISM ' 

HEEREN'S HISTORICAL RESEARCHES INTO THE POLITICS, INTERCOURSE, 
AND TRADES OF THE ANCIENT NATIONS OF ASIA; inclndinir the Persians, Phos^ . 
flldans, Babylonians, Scythianh, and Indians. New and improved Edition, complete in t 
Tols. Ovo, elejrantly printed (pub. oriffinally at 2/. 5«.), cloth. 1/. 4«. IMi 

**One of the most valuable acquisitions made to our historical stories since the dsys of 
Q1hhan."—Atkenentm, 

HEEREN'S MANUAL OF THE HISTORY OF THE POLITICAL SYSTEM OF 

EUROPE AND ITS COLONIES, firom its formation at the close of the Fifteenth Centuiy,: 
, to its re-eKtahlishment upon the Fall of Napoleon, translated trom the Fifth German Edition. 
. New EdLtifln, complete in 1 vol. 8vo, cloth, 14«. 1M§ 

"The best History of Modem Europe that has yet appeared, and it Is likely long to remain 
without a riv&\/'—Alhetumm. \ 

■ ** A work of sterling value, which will diffuse nsefUl knowledge for generations, after all the 
shallow pretenders to that distinction are fortunately forgotten.**— Ij/eratfy GtutetU. 

HEEREN'S ANCIENT GREECE, translated by Bahcroft; and HISTORICAL 

■ TREATISES; viz:— 1. The Political Consequences of the Reformation. II. The Rise, Pro- 
gress, and Practical Influence of Political Tiieories. III. The Rise and Growth of the Conti- 
nental InteresU of Great Britain. In 1 vol. 8vo, with Index, cloth, IS«. 1M7 

HEEREN'S MANUAL OF ANCIENT HISTORY, particularly with regard to the Consti- 
tutions, the Commerce, and the Colonies nf the States of Antiquity. Third Edition, corrected' 
and Improved. 8vo (pub. at 15«.), clotli, 12«. 
««« New KdUiont wUh Inder. 1847 

" We never remember to have seen a Work In which so much useful knowledge was con- 
densed into so small a compass. A carefVil examination convinces us that this book will b»' 
useAiI for otir English higher schools or colleges, and will contribute to direct attention to the 
better and more instructive parts of History. The translation is executed with great fidelity." 
- '—Quarlerty Journal qf EdueettUm, 

HEEREN'S MANUAL OF ANCIENT GEOGRAPHY. For the use of Schools and 
Private Tuition. Compiled from t)>e Works of A. H. L. Hbkrxv, l3mo (pub. at 2«. BsL I. . 
eloth, U, Orjordj niOoft^ mm 

**-An excellent and most useful little volume, and admirably adapted for tht wtef aflMuBii- 
and private instruction."— Zttcrary Gazette. 
** A valuable addition to our list of school books."— i4<A<ii«K«i. 

JACOB15 HISTORICAL INQUIRY INTO THE PRODUGTVON AND COn- 

SUMPTION OF THE PRECIOUS METALS, 2 vols. Sro (pub. at 1/. 4«.), cloth, 18«. 1831 

JAMES^ WILLIAM THE THIRD, comprising the History of his Reign, lllnstrated In a 
series of unpuhiisbed letters, addressed to the Duke of Shrewsbury, by Jascbs VBRjrttK» 
Secretary of State, with Introduction and Notes, by G. P. B. James, Esq. S vols, tro, Por- 
traitt (pub. at 2/. 2«.), cloth, 18«. 1841 

JAENiSCH'S CHESS PRECEPTOR; anew Analysis of tkeopentegaef Games; translated. 
' with Notes, by Walker, 8to, cloth lettered (pub. at 1ft«.), 8«. 6«^ 1M9 

'lOHNSON'S (DR.) ENGLISH DICTIONARY, printed verbatim ftim the Author's lass 
Folio Edition. With all the Examples In füll. To which are prefixed a HUtory of the Lan- 
gtuqie, and an English Grammar. 1 large voL imperial 8vo (pub. at 2/. 2«.), cloth, II. 8«. U4t 

'OiHNSON'S (DR.) LIFE AND WORKS, byMvRPHT. New and improved EdMoB, com- 
plete in 2 thick vols. 8vo, Portrait, cloth lettered (pub. at \U 11«. (W.), Ift«. ISM 

^HNSONIANA; a Collection of MIscelhineous Anecdotes and Sayings, gathered fh>m nearly % 
hundred different Publications, and not contained in Boswrll's Life of Johnson. Edited by 
J. «. Ckvkbr, U.P. thick Ibap. <to> i)om«lt »»a frontispiece (pub. at 10«.), ctotb, ««w U. 
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18 OiTAXOGUK OF NSW BOOKS 

JOHHSTOirS TRAVELS IN 90UTH£KN ABYSSINIA, tfanwtli tiM Oonotay aT AdaL 
to the Kinffdom or Sboa. a voU. 8vo, nuipuMl pUtM (pab. at l/.t>.)»«lotk,Mt.M. IMl 

KNIBrS WONDERFUL MUSEUM. 5 voU. fv«, «tmaU of IM eaxiooa pafOtate aad 

plioa« (pab. at4A 4*.), «Mb, li. to. 

KhlGKTS JOURNEY-BOOKS OF ENGLAND. BEEKSHIKS,iiielndtniaftinD«aatp. 
tton af Wlateur. WMi » Sagmvliigi aa Woai, aad a fauia IHiiminalartlUp. Eadnoadl 



to 1«. M. 
HAMPSHIRE, including the Isle of Wi^U With SS XagnTiogs an Wood»aiid« Uuva lUa- 

nriiiatcd Map. Jtadaead to 2*. 
DERBYSHIRE, laoladliv «M Peak, ttt. With U Xagfavfaga en Wood, and a Inga fllmnl- 

nated Map. Redaced to 1«. 6d. 
KENT. With «I Engravinga on Wood, and alavga iUamiaaiad Map. Badaoed to St. M. 

KNOWLES'S IMPROVED WALKER'S PRONOUNCING DICTIONARY, eonfalaiiif 
lAove fto,ooa additional Words; to wUeb ia added aa AceantuaMd Voeabolary of Claaaleal and 
Sciiptiire Proper NaiMa, new Edition, tat 1 tUek handaaaa aalaiaa, laaga SvoywIUi Portrait, 
cloth lettered ( pub. at 1/. if. ) , 7«. 6<l. 1S4B 

LACONICS; OR, THE BEST WORDS OF THE BEST AUTHORS. Baewitk 

Edition. 8 TOts. limo, ^rtth elegant FTontispleees, containing SO Portraits (pub. at Us.), dotfi 

gilt, 7«. 8cL TUi, IM« 

TIris pleasant eolleetion tff pithy Jind seirtantioas readings, Ikaad Iha beat SagUak autliaa of 

idl ages, lias long eiOojred great iad deeerved populaxlty. 



LANE'S KORAN. SELECTIONS FROM THE, with an Ini a wm e n Comnefrtafy. •»'»- 
lated Arom the Arabic, methodically arranged, and illustrated by Motes, tve (pub.aUas. ttQ. 
eloth,te. litt 



LEAKE'S (COL) TRAVELS IN THE MOREA.~ s vols. Sto. With a «eiy knga Map of 
the Horea, and upwards of SO various Maps, Plans, Platas of «nafaat Qtnk laacdpUoas, Sec 
( pub. at 21. St. ) cloth, lU If. 1830 

LEWIS'S (MONK) LIFE AND CORRESPONDENCE, with many Ptecaa in Pnsaand 
Verse never l>efoia -published. 8 vols. Svo, portrait (pub. at ll.-8t.),clafta, ISfc MS • 

LISTER'S UPE OF EDWARD FIRST EARL OF CLARENDON. WMi Original 
Correspondeace and AntlieBttc Papers, never before pabUslied. S vols. Svo, Pntialt (fwi. at 
S/.8f.), cloth, ISf. ISSS 

** A vfotk or Ubortous reeearch, wrttten vdth nMsterty-aldlHy."— »Illat. 

LOCKHARrs HISTORY OF THE CONGUEST OF MEXICO AND NEW SPAIN, 

AND MEMOIRS OF THE CONaUISTAbOR, BEENAI. DIAZ DEL CASTILLO. 

Written by blmselL and now first completely translated firom the original Spanlali. S vola. 

• Svo, (pub. at 1/. 4f.), cloth, ISf. ISM 

**Bemal I>ias*B account bears all the marks of authenticity, and is aceompanled vritti avdi 

- pleasant nalvetfi, with such interastiag details, and such amusing vanity, and yei ea pardoaaUa 

n an old soldier, who Iws been, as he boasts, in a hundred and nineteen battles, as readeia kls 

book one of the most singular that is to be found in any language.*'— Dr. Xob e rt mm ka kb 

iJODGE'S (EDMUND) »LLUSlVATtONS OF BRITISH HISTORY, BIOGRAPHY, 
AND MANNERS, in the Reigns ofHenry VIII., Edward VI., Mary, Elixabath, and Jamas I. 
Second Edition, with above 80 autographs of the principal eiiaracters of the pailod. Tinea 
vols.8vo(pttb.atU.Ks.),oloth, U. ISSS 

MACGREQOR'S PROGRESS OF AMERICA TROM THE DISCOVERY BY 

. COLUMBUS, to the year 18«, eomprtsing its Blstocy and atatisMca, S lamarfcaWy iUtk 
volumes, imp. 8vo, clotn lettered (pub. at 4/. I4f. Sef.), 1^ lU. fd. UÜT 



MALCOLM'S MEMOIR OF CENTRAL INDIA. Two vols, svo, . third edition, «llh 
map (pub. at 1^ St.), cloth, ISf. 

MARTIN'S (MONTGOMERY) BRITISH COLONIAL LIBRARY; forming a popular 
and Authentic Description of all the Colonies of the British Empire, and emmraMag the 
History— Physical Oeographjr—Oeolqry^Climate— Animal, Vegetable, and MinMial Kiag- 
doms— Government— Finance — Military Defence — Commerce Shipping— Monetary Syst em — 
Relifdon— Population, White and Coloured— Education and the Tress— Emigration— Social 
Bute, ftc, or each Settlement. Founded an Official and Public Documents, forolahad fagr 
Government, the Bon. East India Company, See. Illastratad by original Maps aad Pialaa. 
10 vols, foolscap 8vo (pub. at M.), cloth, 1/. ISf. 

These 10 vols, eontaln tlie 6 vols. s«o, verbatim, with a fow additipns. Saeh voluaui af tte 
above series is eumpiate in itself, and sold separately, as follows, at 3^ id: t— 

VoL I.— Thb Cawadas, Uvrxft awd Lowku. 

Vol. II.— nsw SovTU Walks, Vav Dibmbv'b Laitd, Swan Bitbb, and Sovth Avs* 

XAALIA. 

Vol.IIL— Trb Cavb op OoooHopb, MAVkmva. and SBTonxxsa. 

Vol. IV.— Th£ Wbst IirDTBS. Vol. I.— Jamaica, Honduras, Trinidad, Ibbago, Gcaaada, 
the Bahamas, and the Virgin Isles. 

Vol. v.— Tub Wbst Ikdibs. Vol. II.— BrfUsh GuUaa. Barhadoes, St. Luda, St ViaoaBt, 
JDeaMrasa, Eaaaqulbo, Bavbtea, AagalUa, Tortoia, St. Em's, Barboda, Antigva, Mntaiiiai, 
Sfominica, aad Mevis. 

Vol. VI.— Nova Scotia, Nbw BairxswtcK, Capb Bbbtoit, Pbzbob Xbvabs's Xsu^ 
Thb B-BBVoayka,ilBWPOoiriu.AKi},-and HansoN'sBAv. 

Vol. VII.— GlBBAATAB, MaMA, THB lOKlAK iSLAKDS, HC, 

Vol. VII I.— Thb East Ikdibs. Vol. I. containiBg Bengal, Ma'.<as, Beoibay, Agnu ä^ • 
V^i. IX.-^TaB-BAaT IvviBB. Vol.11. 



Vol. X.— Bbttibb PosBBasfOirs ik thb IvniAB ahd Atj^abtic Ocbavb, viftr-ChMoau 
BtvmagrMaiaeäa, SiBgapore, Siarra Leant tbe Gambia, Ca,« Caaak Castl% AaantlhrMk- 
«JSd isJaada, M. ilereiia andAsceMloa 
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MMrrtN'S (IMONTGOMERY) CHINA, Political, ComiMrdal, mä. SmW. Tv* toIc. 
Sto, 6 nmps, itatistleal Ubki, ftc. (pub. at It, 4«.), cloth, 14a. 1M7 

MAXWELL'S LIFE OF THE DUKE OF WELLINGTON, s handsome veimMi^ 8to. 
■Embellished with noraeroiu hU^Ij-finiahcd Line-En(rraviniai hj Cooper and other emiBont 
Artists, consisting of Battte-Ptcces. Portraits, Military Plans and Maps: besides a Kreat 
«somber of fine Wood Engravings. (Pub. at 3^ 7«.), elegant in gilt cloth, 1<. 16t. Laife paper, 
'India proofii (pub. at 5i.), gilt cloth, U. 3«. 1839-41 

** Mr. Maxwell's * Lils ofthe Duke of Wellington,' in our oplnloB, has no rival among similar 

publications of the day We pronounce it ftree ftom flattery and liombast, suecinit 

and masterly. .... The type and mechanical execution are aamirable; the plans of 
battles and sieges numerous, ample, and useful ; the portraits of tiie Dnk» and his warrior 
ooBtemporarios many and nUhful; the battle pictures animated and brilliant; and the 
▼ignetus of costumes and maaaen worthy of the military genius of Hbnca Vemet biiMelf."— 
IHms. 



MILL'S ELEMENTS OF POLITICAL ECONOMY, mm Edttloa, revtieA and corrected, 
Svo (pub. at 8*.), cloth, 3«. 6d. 1844 

MILTON'S WORKS, BOTH PROSE AND POETICAL, with an Introductory Beview, 
by Plktchbr, complete in 1 tliiek voL imperial 8vo (pub. at 1/. 5s.), clotii lettered, IL U. 1838 
Thk is the only complete edition of Milton's Prose Works, at a raederate price. 

MITFORD'S HISTORY OF GREECE, BY LORD REOESDALE,. the Chronology cqr. 
rected and compared whh CUntom'a FkuU Hellenki, by KiHe, (CadeU's Instand mush uia b^tt 
Bdition, 1888) 8 vols. 8vo (pub. at 4L 4«.), gilt cloth, IL 18«. 

Tk«e>4narhled calf extra, br Clarke, U. 4a. 

In respect to tills new and improved edition, one of the most eminent scholars of the present 
dar has expressed his opinion that "the increased advantages given to It' have doubled tMs 
oifrinal value of the work." 

R sbonid he observed that thn nnmenms additions and the amended Chrono lo gy, firom that 
valuable perrormance, the nuti HeUemeit are suhut^ed in the shape of Notse, so as not to 
interfere with the integritv ofthe text. 

As there are many editions of Mitford's Qreeee before the public, it may be necessary to 
oliserve that the present octavo edition is the only one which contains Mr. King's last correc- 
tions and additions (which, as stated in his advertisement, are material); it is «t the saam 
time the only edition which should at tlie present day Im chosen Ar the gentleman's library, 
being the handsomest, the most correct, and the most cnnnlete. 

Lord Byron says of Mitford, "His is the best Modern History of. Qreeee in any language, 
and he is perhaps the liest of all modern historians iarlutsoever. His virtues are learning, 
labour, research, and earnestness." 

" Considered with respect, not only to the whole series of ancient events wliiel» it comprises, 
hut also to anv verr prominent portion of that series, Mr. Mitfocd's History is the best that 
has appeared since the days of Xenophon." — Edinburgh Review. 

MONSTRELETS CHRONICLES OF ENGLAND AND FRANCE, by Colonel 
JoHK«H, with Notes, and upwards of 100 Woodeuts (unifbrm with EToissart), 2 vols, super- 
royal 8vo, cloth lettered (pub. at 1/. lOa.), II. U. 

MOORE'S (THOMAS) EPICUREAN, A- TALE; AND ALCIPHRON, A- POEM. 

TuRHRR's Illustrated Bdition, feap. 8vo, 4 beautUM Engravings (pnb.ai.lBs. fid;), cloth, 3«., 
. or elegantly hound in morocco, 7a. (ki. I839 

MOPE'S UTOPIA, OR, THE HAPPY REPUBL1& a Philosophical Romance; to which 
is added, THE NEW ATLANTIS, by Lord Bacon; with a Prelimimnr Discourse, and 
Notes, by J. A. St. John, fcap. 8vo (pub. at 6k.), cloth. 4«. 6<f.— With the Lille of Sir Thomas 
More, by Sir J ambs Mackintosh, 2 vols. feap. 8vo, cloth, 8t. 1845 

NELSON'S LETTERS AND DISPATCHES» by Sir Harms Nicoxjw, 7 vole. 8vo (pub. 
at il. lOa.), cloth, 3^ 10«. 184S-46 

MEBUHR'S HISTORY OF ROME epitomlnd, wKh Chronological Tables and an Ap- 
pendix, by Travbrs Twiss, B.C.L. 2 vols. 8vo, cloth (pub. at II. 1«.), lOs. 6d. 

■■ the same, in caU; «ilt (for school prises), 13a. 

OSStAN'S POEMS, translated by MAcrnannoN. with Diseartations eoncemlnfr the Era and 

PoemsofOssiAK; and Dr. Bi.air'8 Critical Diasertationi, complete in 1 neatly printed vol. 

' iSmo, Frontis|){ece (pub. at4a.),eloth, 3s. Ig44 

OUSELEY'S (SIR WILLIAM) TRAVELS IN VARIOUS COUNTRIES OF THE 
EAST, MORE PARTICUIiARLT. PERSIA; with Bxtracu from. rare and valnabteOrleaaa 
Mannserliiu; and 88Plates and Mapa,3LVoist 4te (pnh»a8-ll(.), esttaclotli boarda, Si. St. 

OXFORD ENGLISH PRIZE ESSAYS, new Bdliloa, Mrongfat down to 1S3B, ft vol«, crown 
8V0, cloth lettered (pub. at 2i. 5«.), 1/. 5«. 

PARDOE'S (MISS) CITY OF THE MAGYAR. Or IhrnniT nndlwr InatitntiM» In 188». 
40, 3 vols. 8V0, with 9 Engravings (pab. all/. II«. Od.), gUtolotbil8e.6d. 1840 



PARRY'S CAMBRIAN PLUTARCH, comprising Memoirs of same of the moat eminent 
WeUbmen, from the earliest times to the piw«eut,8vo (pub. at 10ik6d.), cloth. As. 1834 

PERCY'S RELIQUES OF AtlCIENT ENGLISH POETRY, eonetethtg of OM Heroic 

. Balhids, Songs, and other Pieces nfuur Eariier Poets, together with seme few of later date, 

aad a copious Glossary, complete in 1 vol. medium 8vo. New and elegant- Edition, with-beau- 

. tifbllT engraved Title and Ffontispiece, by Stkph anopf (pub. at 18«.). cloth, gilt, 7«; &/. 1R44 

**Butal>oveall, I tlien flrst became acquainted with Bishop Percy's 'Bellqnes of Atacient 

, Pnetry.' The flrst time, too, I could scrape a few shilliafn toaetber, I bought unto myself a 

nnr of these beloved volumes ; . nor do I believe I everread a book half •• fieqneatir, or ivRh 

^the enthnsbmm."— Sir. Walter Scott. 

*■ PeTC7*8 Rellques are the most agreeable eelectlna, pnhapa, «M8h.«dfliteamp taaMg*-** 
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POPULAR ERRORS EXPLAINED AND ILLUSTRATED. Br joHir Tni**>KAi»at>r 

of Laconic«, and Editor of tlie " Illustrated London News,") thick fcaik 8vo# «loeeljr bat 
elegantly printed, Frontispiece, clotb, reduced to 5«. ..<..< iMi 

PRIOR'S LIFE OF EDMUND BURKE, with unpublished Specimeas of bis Poetfy and 
Letters. Third and much improved Edition, Sto, Portrait and Autographs (pub. $j^ tM.), gilt 
cloth, 9t. . ' 1838 

** Excellent feeling, in perspicuous and forcible language."— <lHar/er/jr Review, 

PRIOR'S LIFE OF OLIVER GOLDSMITH, from a variety of Original Sources, 2 vols. Svo, 
handsomelyprinted (pub. at R 10«.), gilt cloth. I2s. ' ■ 1837 

"The solia worth of this biography consists in the many striking anecdotes which Mr. Prior 
has gathered in the course of bis anxious researches among Goldsmith's surrhrlng aeauaiat- 
ances, and the immediate descendants of his personal friends in London, and relations ia 
Ireland; above all, in the rich mass of the ooet's own familiar letters, which he has been 
enabled to bring together for the first time. No poet's letters in the world, not even those of 
Cowper, appear to us more interesting."— Quar<n-/y Review, 

RAFFLES' HISTORY OF JAVA, AND LIFE, with an account of Bencoolen, knd Detalla 
of the Commerce and Resources of the Indian Archipelago. Edited by Lady Kapflbs. 
Togetlier 4 vols. 8vo, and a splendid quarto atlas, containing upwards of 10« Plate« by Oamkl, 
many finely coloured (pub. at 4/. 14«.), cloth, 2/. 8«. . . X83U-3S 

RICH'S BABYLON AND PERSEPOLIS, vis. Narrative of a Journey to th« Site of 
Babylon; Two Memoirs on the Hitins; Remarks on the Topography of Ancient -Babylon, by 
Major Rbkmbll; Narrative of a Journey to Persepoiis, with hitherto uapubttshsd Ouueiform 
Inscriptions. 8vo, Ma|» and Plates (pub. at U. U.), cloth, lo«. 6a. i/iHic«M, 1830 

RITSON'S VARIOUS WORKS AND METRICAL ROMANCES, e f^obliübed hj 
Piclcering, the Set, viz:— Robin Hood, 2 vols.— Annals of the Caledonians, 2 Toh;— Ancient 
Songs and Ballads, 2 vols.— Memoirs of the Ceiu, I vol.— Life of King Arthuf, i jrAt^-^Bcient 
Popular Poetry, 1 vol.— Fairy Tales, 1 vol.— Letters and Memoirs of BItson, S vubf togetiier 
13 vols.post8vo (pub.at6^. 6*. 6<^.), clothgilt,3/. 8«. .'1827-» 

Or $eparateljf tu/oUowi : 

JIITSON'S ROBIN HOOD, a Collection of Ancient Poems, Songa, and B«Uad«, MUcttvt to fliuit 
celebrated Outlaw ; with Historical Anecdotes of his Life. 2 vols. 16a. 

RITSON'S ANNALS OF THE CALEDONIANS, PICTS, AND SCOTS. 2 vok. 16«w 

RITSON'S MEMOIRS OF THE CELTS OR GAULS. 10«. 

RITSON'S ANCIENT SONGS AND BALLADS. 2 vols. 18«. 

RITSON'S PIECES OF ANCIENT POPULAR POETRY. Post 8vo, 7«. 

RITSON'S FAIRY TALES, new first collected ; to which are prefixed two DIssertatiOBS.1. Oa 
Pigmies. 2. On Fairies, 8«. 

RITSON'S LIFE AND LETTERS OF JOSEPH RITSON, Esq. edited fh>m Origlimb la the 
Possession of his Nephew, by Sir Harris Nicolas, 3 vols. 16«. 

** No library can be called complete in old English lore, which has not tha whole of the pro« 
auctions of this laborious and successful antiquary." — Athentmm. 

''Joseph Ritaon was an antiquary of the first otaet,"—Quarterfy Review, 

AOBINSON CRUSOE, Cabinet Pictorial Edition, Including his Further AdvcDtt«es,'witli 
Life of Defoe, ftc. upwards of 60 fine Woodcuts, from Designs by Hartst, fcap. Svo, New 
and improved Edition, with additional cuts, cloth gilt, &«. 184C 

The only small edition which is quite complete. 

** Perhaps tliere exists no work, either of instruction or cntertidnment. In the EnglMk laa- 
guage which has been more generally read, or more deservedly admired, than the LUt »^n i 
Adventures of Robinson Cr isoe."— Sir WaUer Scott, 

RODNEY'S (LORD) LIFE, by Lieut..Gen. Mukot, New EdiUon, fcap. 8vo, PortralL doth 

(pub. ate«.), 3«. 6d. 

ROLLIN'S ANCIENT HISTORY, a New and complete Edition, with engraved RM ilh aJ^ce « 

and 7 Maps. 2 vols. Iiound in 1 stout handsome vol. royal 8vo (pub. at IL 4«.), cloth, U». 1S44 

The only complete edition in a compact form ; it is uniform in size and appearance with 

Moxon's Series of Dramatists, &c. The previous editions of Rollin in a sing» 'volOU« ftra 

greatly abridged, and contain scarcely half the work. 

ROSCOE'S LIFE AND^ PONTIFICATE OF LEO THE TENTH. Newaadmuek 
improved Edition, edited by his Son, Thomas Roscob. Complete in 1 «tout vol. Svivclosely 
but verj handsomely printed, illustrated by 3 fine Portraits, and numerous iUiMUatise En- 
gravings, as liesd and tail-pieces, cloth, U. *$. tS4S 

JIOSCOE'S LIFE OF LORENZO DE^ WEDICI, CALLED "THE MAGNIFICfeN^.- 

New and much improved Edition, edited by his Son, Tiiumas Roscob. Complete tir 1 stout 
vol. 8vo, closely but very handsomely printed, illustrated by numerous Engravings, introduced 
as head and Uil-pieces, cloth, 12«. . v ig^ 

*' 1 have nut terms sufficient to express my admiration of M r. Roücoe's genius ani «mditJon, • 
or my gratitude for the amusement and information I have received. I recommend his labours 
to our country as works of unquestionable genius and uncommon merit, lliey aiM W* mmh of 
Roscoe to the verv first rank of EnglUh Classical Historians."— .Va/Mia«, Pun»ut*^iJttrafrt, 

** Roscoe is, 1 think, by far the best of our Historians, both for beauty of style and for deea 
reflections; and liis translations of poetry are equal to the originals.*'— Wmi§iolt^ Emif^t^tf^rJ[^ 

HOSCOE'S^ ILLUSTRATIONS, HISTORICAL AND CRITICAL, of Ik« XUb oT 

Lorenzo de Medici, with an Appendix of Original Documents. 8vo, Portrait of fiwiifei. ««A 
Phjtes (pub. at 14«.), boards, 7«., or in 4to, ariutmi to match tht erigbial ^JiSSlrrwaxA 
«mlP/atei(pub.atU. iu.«r/.),boarda,lo.. ««fP^^f^-««» 

«#* Tki« volume is supplemeDtaiy to alledUloua of the work. *"^^ 



PUBLISHED OR SOLD BT H. G. BOHN. 21 

HOXBURGHE BALLADS, edited bj Johx Patkb Collixr, post 4to, beautifülljr printed 
iMT WHimwoHAii, and embeUisbed with 60 curiou Woodcuti, half bound morocco, in the 
Bozburgh ityle ( pub. «t It. U. ), U«. 1847 

SCOTTS (SIR WALTER) POETICAL WORKS. Containing Lay of the Laat Mlnatrel. 
Marmion, Lady of the Lake, Don Roderic, Rokehy, Ballade, Lyrics, and Songs, «ith Notea 
and a Life of the Author, complete in one elegantly printed vol. ISmo, Portrait and Front!*, 
piece ( pub. at S«. )t cloth, 3«. 6d, 1843 

SHAKESPEARE'S PLAYS AND POEMS. Valpy's Cabinet Pictorial EdiUon, with Life. 
Olossarlal Notes, and Historical Digesu of each Plav, &c. 15 vols. frap. 8vo, with 171 PlatMi 
engraved on Steel after designs of the most distlnguhhed British Artists, also Fac^aimiln ./. 
all the known Autographs of Shakespeare (pub. at 3/. IS«.), cloth, richly gilt, 2L 6*. IMJ 

SHAKSPEARE'S PLAYS AND POEMS, in l vol. Svo, with Explanatory Notes, asd a 
Memoir by Da. Johksov, portrait (pub. at 15«.), cloth, 7«. M. 

SHAKSPEARE'S PLAYS AND POEMS, Pocket Edition, with a Life by Albxavser 
Chauixrs, complete in 1 thick vol. 12mo, pr\nied in a Diamond type, with 40 steel Engrav- 
ings (pub. at 10«. td,), cloth, &«. 1848 

SHERIDAN'S (THE RIGHT HON. R. BRINSLEY) SPEECHES, with a Sketch of hb 
Life, Edited by a Constitutional Friend. New and handsome library Edition, with Portrait, 
complete la 3 vols. 8vo (pub. at 2/. 5«.), cloth, 18«. 1842 

*• Whatever Sheridan has done, has been par excelUneet always the hett of its kind. He has 
irritten the best comedy (School for Scandal), the 6««/ drama (The Duenna), the bett farce (The 
Critic), and the 6«*/ address (Monologue on Garrlck) : and to crown all, delivered tlie very 
best oraUen (the famous Begiun Speech) ever conceivea or heard in thto country."— ifjfroH. . 

SHIPWRECKS AND DISASTERS AT SEA; narratives of the most remarkable Wrecks, 

, Conflagrattona, Mutinies, &c. comprising the " Loss of the Wager," ** Mutiny of the Bounty," 

ftc. 12mo,fh>ntispieee and vignette (pub. at 6«.), cloth, 3«. 1818 

: 6MOLLETTS WORKS. Edited by Roscok. Complete In 1 vol. (Roderick Random, Hum- 
phry Clinker, Peregrine Pickle, Launcelot Oreaves, Count Pathom, Adventures of an Atom, 
Travels, Plays, &e.) Medium Svo, with 21 capital Plates, by Crciksuakk (pub. at 1/. 4«.), 
doth gltt, 14t. 184t 

** Perhaps no books ever written excited such peals of inextinguishable laughter as Smol<- 
iett's."— &r WaUer Scott. 

SOUTH EY'S LIVES OF UNEDUCATED POETS. To which are added. ** Attempts in 
Verse/' by Joh« Joxbs. an Old Servant. Crown 8vo (pub. at 10«. 6U.), cloth, i«. 6d. 

Murrujft 1836 

SPENSER'S POETICAL WORKS. Complete, with Introductory Observations on the 
Faerie Q.oeen, and Oloeaarlal Notes, lumdsomel; pdated In 6 voU. post 8vo, fine Portrait 
(pub. at 2/. \U.6d,)t cloth, IL U, 184S 

STERNE'S WORKS, complete In 1 vol. svo, >ortnIt and Tignette (pub. at 18«.), clotti, 10«. M. 

ST. PIERRE'S WORKS. Including the "Studies of Nature," ««Paul and Virginia," and the 
** Indian Cottage," with a Memoir of the Author, and Notes, by the Rxv. E. Clarkb. 
complete in 3 thick vols. fcap. Svo, Portrait and Frontispieces (pub. at 16«.), cloth, 7«. 1846 

SWIFTS WORKS. Edited by Boscob. Complete In 2 vols. Medium 8vo, Portrait (pub.. at 
1^ IS*.), cloth gilt. 1/. 4«. 1846 

** Whoever in the three kingdoms has any books at all. has Swift."— Zord ChaterfitUl, 

TAYLOR'S (W. B. S.) HISTORY OF THE UNIVERSITY OF DUBLIN, numerous 
Wood Engravings of its Buildings and Academic Costumes (pub. at 1/.), cloth, 7«. 6d. 1846 

THIERS' HISTORY OF THE FRENCH REVOLUTION, the lo parts In 1 thick toL 
ro}'al Svo, handsomely printed, cloth lettered (pub. at W. 5«.), 10«. 



tlie same, the parts separately, each (pub. at 2«. 6d.) U,id, 



THIERS' HISTORY OF THE CONSULATE AND EMPIRE OF NAPOLEON. 
Uis U parts in I* thick volume, royal Svo. handsomely printed, cloth lettered (pab. at U. 6i.). 
10^ 



■ ■ '■ the same, the parts separately, each (pub. at 2«. 6d. ) 1«. 6<l. 

TUCKER'S UQHT OF NATURE PURSUED. Complete in s toIs. 8n> (pnb. at it. M*.). 
clotd. 15«. "^ lut 

. "The «Light of Nature' Is a woric which, after much consideration, I think myself autho- 
rized to call the most original and profound that has ever appeared on moral philosophy."— fiir 
Jiontt MaekimtMh. 

.TYTLER'S ELEMENTS OF GENERAL HISTORY. New Edition, thick Uno (636 
■Aoeeiy printed pages), steel frontispiece (pub. at 5«.) cloth, 3«. td. 1847 

WADE'S BRITISH HISTORY, CHRONOLOGICALLY ARRANGED. Comprehending 
. . a e! tsslfied Analysis of P.vents and Occurrences in Church and State, and of the ConstltutkHUUj 
«>Htt|eai, Commercial, latetlectual« and Social Progress of the United Kingdom, fhrni the first 
r^noabythe Romans t.i the Accession of Queen Victoria, with very copious Index ann 



t - • . vC^^^'» Commercial, latetlectual« and Social Progress of the United Kingdom, fhrni the fin^ 
,|i(*6sum by the Romans t.i the Accession of Queen Victoria, with very copious Index aw 
Bupttkment. Kcw Eaitkm. l large and remaikahly thick vol. rojal -tvo (Uie pagaaL 



92 CATALOGUE OP NBW BOOIU ' 

WATERSTQN'S CYCLOP/COIA OF COMMERCE. MEBCAimiJCt.AW:n|n3RB, 
COMMKRCIAL, GBOGKAPHY AND NAVIOAriOll. New Edltloii, Inelutlla« thi Mev 
T)triff(rompleteto the preient time); the French TarilT, as fkr aa il cnncenu thb csniltiy; 
and a Treatise on the Principles, Practice, and tli^turj- of Commerce, by J. R. M'Cbuach. 
1 very thick. dosaljr printed toL 8to (BO0 pacea), vitb 4 ll«|ia (pub. at ILU.), aoitnieloUi, 
Iff. fr/. IMT 

**Tliii capital work will h« fonnd a moat Talaabto oMoraal toevacj cwwcitl uaoi «nd a 
naeflil Wook to the general reader. 

WEBSTER'S ENLARGED DiCTiONARY OF THE ENQUSH LANQUAOE, 

CoRtaiiilnK the whole of the former edltlona, and large addkiom, to whidi la prvflxed aa Istr»> 
ductorjr Duuertatioa on the connection of the lanfuairea of Vfeatam AaU aad Burop«, edited 
by Chaukcbt A. OoomueH, in on« thick etegantly priatad T«huM^ 4t«., ototh, a<. Ifc (Tlie 
most complete dietionaiy extant). IfiS 

WHITE'S FARRIERY, impimrad bjr Bossxm, Sro, «Hh platM ««nwd«»BlMl (pi*b at 14a.), 
cloth, 7«. U47 

WHYTE'S HISTORY OF THE BRITISH TURF. FROM THB BA&LIB8T PERIOD 

TO THE PRESENT DAT. 2 vols. 8vo, Plates (pub. at li. If.), clotil, Uk 1S40 



WILUS'S PENCILUNOS BY THE WAY. A new and baaatifül Bdltloa, wMr 

fcap. 8vo, fine Portrait aad Plates (pab. at 8a.), extra red l^irkey eloth, riehly' clit baek, 9s. 6^ 
*' A lively record of first impressions, conveylnc vividly what was saen, beard; and fMl| by an 
active and inquisitive traveller, through some oi the most intereatlnc parta of Eurap«. His 
cnrionity and love of enterprise are unbounded. The narrativ« la told la aa^jr, flnaat laagwagc, 
triib a poet's power of ilIastration."—£iliii6Kr{rA Remew, 

WORCESTER'S NEW CRITICAL AND PRONOUNCINQ OfCnONAIIY OF 
THE ENGLISH I^NOUAGE, to which is added Walkef'a Key, and a Praaaaada« Yaaa- 
Imlary of modem Qeofpraphical Names, thick imperial 8vo (pab. at 1<. S«.), eMh, ila. 1*17 

*»* The most exteaaive cataloffn« of worda evar prodncad. 

WRANQELL'S EXPEDITION TO SIBERIA AND THE POLAR SEA»«aiMby 
Lieuu-CoLSidiine, thick MmOflarga map and parU (pub. at«e.),dBtli,4a.fd. 1M4 

WRIGHT'S COURT HAND RESTORED, or the student aaabted in nadlar <M elHurtatt, 

daeda, &c small 4to, SS platea (pub. at U. fifc), doth, lie. IM* 



^StoIogB, iSlorals, «Ecclesiastical f^tetorSr ^ 



BINGHAM'S ANTIQUITIES OF TH£ CHRISTIAN CHURCH» Ntw and 

Edition, carefully revised, with an enlarfred Index. 2 vola. impl. tvo, cloth, li. lU. fid. ItS8 
" Bin«rham is a writer who doea eqaal honour to tbo' Hngllali oiergjr and to tba BaglWi 
nation, and whose leamiag is oaly ta be equalled by Ms aodoratiaa aad ImpavtiaUtgr.*'— 
Quartertjf Revtew. 

BUNYAN'S PILGRIM'S PROGRE8& Aaite comp1t«a, with a LIfc «M Ketea, br tha Bav 

T. Scott. Fcap. 12mo, with 25 fine fiill-sixed woodcuts by H&aTBT» contaiamf all la 
Southey's edition ; also a fine Frontispiece aad Vlgaotta, cloth, 3i. fid. ItM 

CALMETS DiCTiONARY OF THE BIBLE, WITH THE BIBUCAL FRAG 

MENTS, by the late CiiAnLKs Tatlor. 5 vols. 4to, Illostrated by 202 Copper-plate En- 
gravings. Eighth greatly enlarged Edition, lieautifully printed. oa fin« wave p^iar (p«h..ai 
lU. IM. ), gilt cloth, 44 14«. fid. U» 

" Mr. Tavlor's Improved edition of Calmet's Dictionary Is ladlspenaabiy neeeasair ta ave^f 
Bihiicnl Student. Tlie additions made under the title of * Ptaamenta' are axtiacted fiwat the 
most rare and authentic Voyages and Travels into Jiidea and other Oriental countr ieaj aad 
comprehend an aaaemblage of corlou* ami Illuatratlve d eac ri ptloas. explanatory of 8ii1Mua 
incidents, customs, and manners, which could not possibly ha axalalaod by aajr oihar iwadtaai» 
Tlie numerous engravings throw great light on Oriental coatoms."— tfoma. 

CALMETS DICTIONARY OF THB HOLY BIBLE, atoMgMl, l larga vol. Impertel Ira, 
Woodcuts and Maps (pub. at \L 4a.), cloth, l&i. Iflf 

GARY'S TESTIMONIES OFTHE FATHERS OF THE FIRST FOURCEMTU- 
RIRS, TO THE CONSTITUTION AND DOCTRINES OP THE ClfURCH OP 
ENGLAND, as set forth in the XXXIX Artieles, 8vo (pub. at lis. ), cloth, 7«. fid. 

Ojffbrdf ThAeye. 

**Thia work may be classed with those of Pearson and Bishop Boll; «ad aiwh a riaaa iita- 
Uon is no mean luMumr."— CAarcA qf Brnfiand QtuaitHjß. 

CHARNOCK'S DISCOURSES UPON THE EXISTENCE AND ATTRIBUTES 
OF GOO. Complete in 1 thkk closely prlntad: v«l. Bvo, wftkPartnh (imb. tt M^)» 
cloth, fit. 6d. Ii4d 

** Perspicuity and depth, metaphyalca] sabllnrity aad eTaagaHeal riavlfcMy, I — w a a a ^ law ra« 
tag but irrefhigable raasonlna, conspire to render this performance oee of th« mo«! iM^naMa 
.j^odnctlons that «ver dM hoaoor to the aaactiSod iialffmant and gaaias of a- MUMhr iNps."— 
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CNRISTIAfl EVrOCNCES. Cootahd« the follovtaff osaanad TtmUms, with PraMmr 
Smuolr» by the Rev. J.S.UfBVKs, l,.L.n. viz:— Watran't Avotogy for Chrfartuinhy; Watsofi's 
ApotDfcy for the Bihle: Paley's Evidences of ChrintlAiiity; Psley's Ilorie Paulinse; Jenyn's 
TateriMl BvUeac» of tVe ChriitUn Reltfrtmi; Lmlte*! TtvOi of ChriRlanlty Demotuitratcd; 
LNlle'a Short uid Easy Method «rith the Detoti; Leslie's Short and Easy Method with the 
J«wi; Chandler's Plain Reasons for being a Christian :Lyttleton on the Converslon of St. 
Pasl; Campbell's Dlaaertatloa «n Miracles; Sherlock's Trial of the Wltaaaaea, wUh Soqnel: 
W«M «nlhe Reavrrectioii. la 1 v«I. roysl S«o (pab. at 14«.), «hithr Us. 1S4S 

CHFISTIAN TREASURY. Consisting of the following Ezpaltions and Treatises, Edited by 
iixKRH, viz:— Mavee's IHnoarses and Dissertations on the «allitoral Doctrines of Atonement 
■Ddtkierlflce ; Wlthercpoon's Practical Treatise on Regeneration ; Boston's Crook in the Lot; 
' MdM's Moses Unveiled; Guild's Harmony of all the Prophets; Loss's Authenticity, Vn- 
eontipted Preservatton- and Oredlbfllty of the New Testament; Stuart's Letters on the 
DIvlnJty of Christ. In I vol. royal Svo (pub. at 12«.), cloth, «a. 1M4 

CRUOCN'S CONCORDANCE TO THE OLD AND 14EW TESTAMENT, revised 
and condensed by O. H. HAinrAT, thick ismo, beaatlfolly printed (pub. at 6>.), cloth, 3«. td, ' 

1844 
** An extrenMty.BTCtty and very eheap editlan. It contains all that Is usefiil In the original 
veric, omitting oaiy preaoeMoas, coqJanctloitB, ftc. which can never be made available Cot 
faqtaaea of hmvmm«. indeed it la all that the Script jre student can desire." — Oiuinticm. 



nlLLER'S (REV. ANDREW) COMPLETE WORKS; with a Memoir of hie Life, by hU 
Son, ] large vol. imperial 8vo, Kew Edition, Portrait (pab. at IL IM.), olotb, \L te. 1845 

GREGORY'S (OR. OLINTHUS) LETTERS ON THE EVIDENCES. DOCTRINES, 

AND DUTIES OP THE CHRISTIAN RBLIoTON, addressed to a Friend. Eighth Edition, 

- «Itk-aMity Additlens and Corrections. Complete in 1 thick well -printed vol. feap. 8vo (pnb. 

at7«.Ci(.), clotb,ta. 1846 

"'"He earnestly reooramendtUsworic to the attentive pemsal of all enltivated minds. We 
are acquainted with no book In the circle of English Literature which is equally calculated to 
give young persona just vlawi af Ike aHdeace, the iiatuxe, and the Importanea of revealed 
, nrillbn."— Aoterf HmU. 

GRAVES'S (0£AN) LECTURES ON THE PENTATEUCH, tvo, K«w Eittion (jmb. 
at 13«.), cloth, as. U4S 

HALLS (BISHOP) ENTIRE WORKS, wHh an account of hi« Life and Safferinga. New 
Sditlon, with considerable Addltiona, a Translation of all the Latin Pieces, ami a Gloasary, 
Indices, and Notes, by the Bev. ftrut Uaxi- U vols. 8vo, Portrait (pab. at 71. 4«.), cloth, U, 

OjJ^ord^ Tulbogtt 1837-» 

HALLS (THE REV ROBERT) COMPLETE WORKS, wftb a Memoir of bis Life, by 
Dr. Olivth DS Grkooxt, and Observations on his Character as a Preacher, by Joii k Fostbk. 
Author of Easays on Popular Ignorance, fee. 6 vols. 8vo, handsomely praitad, with beantlftal 
Portrait (pub. at S/. 16t.), cloth, contenu lettered, 1/. 11«. 6d. 
' The same, printed in a amaller alze. 6 vola. fScap. 8voi, I/. 1«. cloth, lettered. 

** Whoever wishes to see tlie English language In t»s perfection mnat read the writings of that 
great Divine, Robert Hall. He combines the beauties of Johxsom, Addison, and BuucB, 
without their imperfections."— /)iuraM SUrwart. 

** I cannot ätt keCter than refbr the aeademle reader to the Immortal works of Robert Hall. 
'V»r moral grandeur, fer Christian truth, and for siabllmity, we may doubt whether they have 
tftelr match In the sacred oratory of any age or country."— />rfi/>Mor Sedgwick. 

**The name of Robert Hall will be placed by posterity amons the best writers of the age, as 
«ell as the most vteorouadefendars of nUgkN» truth, aad the arlghtast aaaawte« «f ChnsäaD 
■«liai<ty.**-«r/. Maekimtotk. 

HENRY'S (MATTHEW) COMMENTARY ON THE BIBLE, by BxcxxaauTH. la 
■9 vol*. 4to, New Bdltloa, pciatMl ea flae paper (pub. at 9/. St.), cloth, SUlU,6d, X84t 

HtLLS (REV. ROWLAND) MEMOIRS, by his Friend, the Rev. W. Jovss, Edited, with 
a PreAuMK by the Rev. Jam aa SsaaMAN (Rowlakd Hill's fluoeesaor as Minister of Surrey 
Ohapel). Saeoad Editloa, earataUy vevisad, thick paot 8vo, tae Steal Portrait (pab. at le«.) 
cloth, 5>. I84S 

HOPKINS'S (BISHOP) WHOLE WORKS, with a memoir of the Author, In l thick ^L 

rayal itvo (pub. at 18«. ), cloth, 14«. The same, with a very «ztenalve general Index of Texts 

and Subjects, 2 vols, royal Svo (pub. at IL 4«.), cloth, 18«. 1841 

** Bishop Hopkins's works term of theiaaelvos « sooad body of dtvtaüQr. He is clear, veho • 

mant, an« persuarive.'*— iMciacriteiA. 

HOWE'S WORKS, «1th Life, by Calaxt, I laifo toL imporial Svo, Portrait (pub. at U. UaJ^ 

otoih, 1^ Ik«. ini 

** I have learned flir more from John Bow« than fhnn any other aofhor I ever read. There 

la an astonlsblng magnMoenee in his oooeoptloaa. He «as ttngaasttooably the greatast of the 

pariUn divlnea/'-^IMerl UaU. 

HUNTINGDON'S (COUNTESS OF) UFE AND TtME4. ByaMembereftheHooaaa 
of Shirley and ilastiiqrs. Sixth Thoosand. with a coplooa index. 2 Urge vols.8vo, Portralta 
of the Countess, WhKellehl, and Wesley ( pub. at U. 4a. U eloth, 14«. 1844 

HUNTINGDON'S (REV. W.) WORKS, Edited by hU Son, 8 vola. Svo, Fortraita «iid Fl«tt8 
. (pub. at S^. 18«. 6il.), ckith, 2/. St. 

LEaCHTONS (ARCHBISHOP) WHOLE WORKS; to which Is praflxod« Ufe of Oia 

JMmor, by the Rev. N. T. PxAaaoM. New Edition, 2 thick vols, tvo, Portrait (pahi,«t U. «O 

' autm cloth, iii«. The only cooipltte Xditloa. ■ mm 
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LEIGHTON'S COMMENTARY ON PETER; with Life» bj SKAaMMi,)Mn»M(f^ • , 
thick haodsomely printed vol. Svo, Portrait ( pab. at 12«. )i cloth» 9c )M9 

LIVES OF THE ENGLISH SAINTS. By tho Rxv. J. H. Sxwuam and. «then, Mtol«. 
Umo (pub. at 2L to.)» sewed in ornamented eoven, II, U, .. Wi-i 

M'CRIE'S LIFE OF JOHN KNOX» with Illiutrationa of the HisioiT of die Rcfintn^tleii in 
Scotland. New Edition with numeroui Additioni» and a Memoir, ftc. by AXDXXV Cmscutok. 
Fcap. 8T0 (pub. at &*.), cloth, 3«. 6d. )t47 . 

MAGEE'S (ARCHBISHOP)' WORKS, eonprialng I>tscoursea and BluerUtlona on the 
Scriptural Doctrinei of Atonement and Sacrifice ; Sermons, and Visitation Charges. With a 
Memoir of his Life, by the Rct. A. H. Kekxt, D.D. S vols. Svo (pub. at 1/. to.)« cloth, Ito. 

*' Discovers sucli deep research, yields so much valuable Infonnation, and affords so many 
helps to the reftatation of error, as to constitute the most valuable treasure of Idblical learniz^ . 
of which a Christian scholar can be possessed."— CArii/iom Otorrver. 

MORE'S (HANNAH) LIFE, by the Rev. Hbkrt Thomson, post Svo, inteted «nfftmnly 
with her works. Portrait, aiid wood Ensravinss (pub. at 12«.), extra cloth, 6«. CmdeU, jmt 

**Thls may be calird the official edition of Hannah More's Life. It brings so much iMW«nJ 
interesting matter into the field respecting her, that it will receive a hear^' welcome frpm.tiM 
public. Among the rest, the particulars of most of her publlcationa will reward th« ettfloaity 
of literary readers."— /.i/rrary C<urt/e. 

MORE'S (HANNAH) SPIRIT OF PRAYER, fcap. svo, Portrait (pub. at to.), cloth» U» 

. Cottar |Stt 

MORE'S (HANNAH) STORIES FOR THE MIDDLE RANKS OF SOCIETY, 

and Tales for the Common People, 2 vols, post 8vo (pub. at lit.), cloth, to. QaJir/^ |S30 

MORE'S (HANNAH) POETICAL WORKS, post 8vo (pub. at to.)> doth, to. (ki. - ■ 

MORE'S (HANNAH) MORAL SKETCHES OF PREVAILING OPINIONS AND ' 

MANNERS, Foreign and Domestic, with Reflections on Prayer, post Svo (pub. at 9».), 
cloth, 4«. Cadttltlt» ^ 

MORE'S (HANNAH) ESSAY ON THE CHARACTER AND PRACTICAL 

WRITINGS OF ST. PAUL, post Svo (pub. at 10«. Gd.)t cloth, to. CwkU^ VBSt 

MORE'S (HANNAH) CHRISTIAN MORALS. Post Svo (pub. at ito.&f.), cloth, St. i 

Cadgtl, 1S36 

MORE'S (HANNAH) PRACTICAL PIETY; Or, the Influence of the Hellgloa of th« 
Heart on the Conduct of the Life, SSmo, Portrait, cloth, 2«. Od. lOo 

Tlie only complete small edition. It was revised Just before her death» and eontaina much 
Improvement, wnich is copyright. 

MORE'S (HANNAH) SACRED DRAMAS» chiefly intended for Tonng People, to «lilehte 
added •' Sensibility," an Epistle, 32mo (pub. at to. 6d.U gilt cloth, gilt edges, to. MM» 

This Is the last genuine edition, and contains some copyright editions, which are not knjmj 
other. 

MORE'S (HANNAH) SEARCH AFTER HAPPINESS; with Ballads» Talea» Hym^ 
and Epitaphs, 32mo (pub. at to. 6c{.), gilt cloth, gilt edges, 1«. 6d. 1S&4 

NEFF (FELIX) LIFE AND LETTERS OF, translated firom the French of M. Bon;4»v 
M. A. Wyatt, fcap. 8vo, Portrait (pub. at 6«.), cloth, to. 6<f. IMS 

PA LEY'S WORKS, in l vol. consisting of his Natural Theology, Moral and Political nrflomidiT. 
Evidences of Christianity, Horn Paulinie, Clerg}*man*s Companion In Visiting the SicSc, tec. 
8vo, handsomely printed in double columns ( pub. at Ito. 6<2.), cloth, to. - tS49 

PALEY'S COMPLETE WORKS, with a Biographical Sketch of the Author, by Ksr.lXS.' • 
Wavlaxd, 6 vols. Svo (pub. at 1/. 15«.), cloth, Ito. JII37 

PASCAL'S THOUGHTS ON RELIGION, and Adam's Private Thoughta on RaJigion. 
edited by the Rbv. £. BiCKXiuTFTit, fcap. 8vo (pub. at to.), cloth, to. (hf. I847 

PICTORIAL DICTIONARY OF THE HOLY BIBLE, Or, a Cvelopasdia of Illustratiwia. 
Graphic, Historical, and Descriptive of the Sacred Writinn, by reference to the Manners! 
Customs, Rites, Traditions, Antiquities, and Literature of Eastern Nationa, 2 vols. 4to (Hb. 
wards of 1430 double column pages in good type), with upwards of 1000 illustrative WoodcrttU 
(pub. 2/. Ito.), extra cloth, 1/. to. 1^0 

SCOTTS (REV. THOMAS) COMMENTARY ON THE BIBLE, with the Aatho«»» 
last Corrections and Improvements, and 84 beautlAiI Woodcut Illustrations and Mans. am»ia. 
imperial 8vo (pub. at 4/. to.), cloth, U. ito. IgjJ^ 

SIMEON'S WORKS, including hi« Skeletons of Sermons and Hotk HomlleHc«, or DlMMraraea'^ 
"*r^*° *"i? ""• continued Series, and rormlng a Commentarv upon every Bonk of thc-^^M 
and New Testament ; to which are annexed an improved edltton of Claude's Easar «a thm. 
Composition of a Sermon, and very eompreheoiive Indexe«, edited by the RevTTBoW^ 
MAMT9MU. BOJIXX, 21 vols. 8vo ( PUb. »1 ViU l^Ax «Vsth, tL ?•, ^71f^' 
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9 k§ J k t t rm l» 9 wft tf tlwi' « «Uftoiu </ Simeon'« popular worki «rt wn^forwUy printed in Stmo, md 
h:< • boutU m doth : 

THE CliniSTIAN'S ARMOUR, 9d. 
'Tri* ÄTXCftLLENCY OF THE I^ITUROY, W. 
YkE OFFICES OF THE HOLY SPIRIT, 9d. 
. HyMU.lATION OF THE SON OF OOD: TWELVE SERMONS, M. 
AFPEAL TO MEN OP WISDOM AND CANDOUR, Oil. 
DISCOURSES ON BEHALF OF THE JEWS, la. 6d. 
'* The works or Simeon, containing 2536 discourse« on the principal passages of the Old and 
' New Testament will be found peculiarly adapted to assist the studies of the younger clergy ia 
their preparation for the pulpit; they will likewise terve as a Body of Divinity: and are by 
many recommended as a Biblical Commentary, well adapted to be read in families/'— .^oivncfe«. 

SMYTH'S (REV. DR.) EXrt>SITION OF VARIOUS PASSAGES OF HOLY 

SCRIPTURE, adapted to the Use of Families, for eveiy D«y throughout the Year, 3 toIs. 8vo 
(pob. at U. lU,6d.), cloth, 9*. 1842 

SOUTH'S <DR. ROBERT) SERMONS: to which are annexed the chiefbeads of the 
'• ierinotts, a Biographical Memoir, and General Index, 2 vols, royal 8to (pub. at 1/. 4*.), 
. clotk,18fc 18M 

SrtEBBING'S HISTORY OF THE CHURCH OF Chf^lST, from the Diet of Augsburg. 
läSO, to toe present Century, 3 vols. 8vo (pub. at U. 16«.), cloth, 13«. 1839 

STURM'S MORNING COMMUNING WITH GOD, OR DEVOTIONAL 

gfElSlTATION» FOR EVERY DAY IN THE YEAR, translated from the German. New 
iBtion, post 8to, cloth, 5«. 1847 

TAYLORS (JEREMY) COMPLETE WORKS, with an Essay, Biographical and CriUcal, 
" ^i iBit« fola. imperial 8ro, Portrait (pub. at Zl. 15«.), cloth, 3/. 3«. 1836 

TAYLOR'S (ISAAC OF ONGAR) NATURAL HISTORY OF ENTHUSIASM. 

TeMfi Edition, fcap. 8vo, cloth, S«. 1845 

I ! " It ia refrcriitng to us to meet with a work bearing, as this unquestionably does, the impress 
«f bold, powerful, and original thought. Its most strikingly original views, however, never 
transgress the hounds of pure Protestant orthodoxy, or violate the spirit of truth and sober- 
ness : and yet it discusses topics constituting the very root and basis of Uiose furious polemica 

: >vhien hav« shaken repeatedly the whole intellectual and moral world."— if tAeiueiiM. 

TAYLOR'S (ISAAC) FANATICISM. Third Edition, carefully revised. Fcap, 8vo, cloth, 6«. 

1843 
** It is the reader's (kult if he does not rise firom the perusal of such a volume as the present 
ft wiser and a better m»n."—Eetectic Review. 

TAYLOR'S (ISAAC) SATURDAY EVENING. Seventh Edition. Fcap. 8vo, cloth, s«. 

1844 
*** Saturday Evening,' and * Natural History of Enthusiasm,' are two noble productloni." — 
Blackwood^» Magasiru. 

TAYLOR'S (ISAAC) ELEMENTS OF THOUGHT, or concise ExpIanaUom, alphabeH- 
caliy arranged, of the principal Terms employed In the usual Branches of Intellectual Philo- 
sophy. Ninth Edition. 12mo, cloth, 4«. 1849 

TAYLOR'S (ISAAC) ANCIENT CHRISTIANITY, AND THE DOCTRINES OF THE 
OXFORD "TRACTS FOR THE TIMES." Fourth EdiUon, with a Supplement and 
Indexes. 2 vols. 8vo (pub. at 1/. 4«.), cloth, IS«. 1844 

TAYLOR'S (ISAAC) LECTURES ON SPIRITUAL CHRISTIANITY. 8vo (pub. at 

. 4«.6if.),clotli,3«. 1841 

TOMUNE'S (BISHOP) ELEMENTS OF CHRISTIAN THEOLOGY, Fourteenth 
Jtiyulon, with additional Notes and Summary, by STEsnixo. 2 vola. 8vo, cloth, lettered (pub. 
. ,4tlf.l«.), 10«.6d. 

TOMUNE'S (BISHOP) INTRODUCTION TO THE STUDY OF THE BIBLE, 

, ORELEMEN'1'8 OF CHRISTIAN THEOLOGY. Containing Proofs of the Authenticity 

ftnd Inspiration of the Holy Scriptures; a Summary of the History ol tlie Jews; an Account of 

the Jewish Sects; and a brief Statement of the ContenU of the several Booka of the Old and 

39e4r I'estaments. Nineteenth Edition, elegantly printed on fine paper. 12mo, (pub. at 5«. 6i/.), 

cloth, 3«. 6c(. 184S 

** Well adapted as a manual for students in divinify, and may be read with advantage by the 

' most experienced divine."— JI/ar«A'i Lecture». 

WADDINGTON'S (DEAN OF DURHAM) HISTORY OF THE CHURCH» 
FROM THE EARLIEST AGES TO THE REFORMATION. 3 vols. 8vo (pub. at II. 10«.), 
-oloth boards, 1/. 1«. 

WADDINGTONS (DEAN OF DURHAM) HISTORY OF THE CHURCH, 
DURING THE REFORMATION. 3 vols. 8vo (pub. at II, 11«. 6d.), cloth boaida, 18«. 1841 

'WlLBERFORCE'S PRACTICAL VIEW OF CHRISTIANITY. With a eonprehensiv« 
Hamedr of tlie Author, by the BeT. T. Pmcb, 18mo. printed in a large liandaone type (pub. at 
is.« CiUototh,3«.6i(. 184* 

liyry^Micm-S CR. a.) pictures of christian UFE. lte^ lffj^ h.y *fc|. 
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Jlporefgn Hanguages antr Ifterattttt; 

CLASSICS AND TRANSLATIONS. CLASSICAL CSITICISlf, DIOIION. 
ARIES, GRAMMARS, G0LLE6B AND SCHOOL BOOKS. 



ATLASES.—WILKINSOM'S CLASSICAL AND SCRIPTURAL ATLAS» «Idi Rtoto. 
rieaJ «nd Chronological Tablet, imperial Mo, New .aail Lopiwved BdWoa, 11 mt§», coknired 
(pnb. at St. 4t.), half boand moreoeo, IL 11«. 6«L IMS 



WILKINSON'S GENERAL ATLAS. Mew and tmpmrad Bdttioii, wllk «U «m 

inserted, Popalatloa according to the last Census, nritaiiiMttaiy Blara«, tep teptdal «to, 
46 Maps, coloured (pub. at 1^ 16«.), half bound morocco, U. As. IMS 

AINSWORTH'S LATIN DICTIONARY, by Dr. JAjasaov. n eBhuMdBditlDiH «MtfriB- 
lAff all the words of the Ouarto Dictionary. I'hickSro, nsatty boond (pab.at 14a.), to. 1M7 

BENTLEY'S (RICHARD) WORKS. ContalnlneDlssertationanpontheBpbUesorPhalirth 
Theaiistoclee, Soerates, Euripides, and the Fables of iEaeoj Bplatola ad Jo. Milium; Str- 
mom; Boyle Lecture; Remarks on Free-thlnklng; Crttieal woru, tu. Bdlfaid, with oapious 
Indices and Notes, by the Rev. Albxandkb Drc£. S Tola. Sro; a boautlfttlly prlatad Boitfim 
(jmb. at IL 18«.), doth, li. U. 



BIBLIA HEBRAtCA, EX EDITtONE VANDER HOOGHT. SMofMTtt J. D. Aus- 
MAM». Very thick 8vo, handsomely printed (pub. at XL 4«.), cloth, IS«. 6d. LoiuL . 



BIOGRAPHIE UNIVERSELLE, Aneienne et Medemo. Noavella BdMoa, revwo, Mal|«t et 
au(rment6e par une Soci^ti de Oens de Lettres et de Savants, 21 vols. Imuerial 8vo (prialed in 
a eomuressed manner ia double columns, but very deax type), sewed (»ah. aft lot, 10s.U its«. 

BnuMOmtf 



BOURNE'S (VINOENT) POETICAL WORKS, Lattoaad Bi|Mik,MM»(pab.ak9K.af), 
cloth, X«. M. ItM 

■ thesamftlaigapaper, iuielenaatvolunM,lSmo fpttb.atU.),dottw»i.M. USt 



CICERO'S UFE, FAMILIAR LETTERS, AND LETTERS TO ATTICUS» 

by MiDDLaroM, M£Lmoth, and Haaaiu?»», complet« la ose thick voL royal Svo^ poiUait, 
(pub. at 1^ 4«. ), cloth, 12«. U4S 

CORPUS POETARUM LATINORUM. Edidtt O. S. Wauna. Quaplete in l wry thick 

vol. rnysl 8vo (pub. at 21. 2a.), cloth, 18*. 

Tills coniprebenalve volume contains a library of the poetioal Latla claailca, eoBMtfy 

printed from the beet texts, via:— 

Catullus, Virgil, Lnean, Sulpida, Calpumhu Siealas, 

Ttliullus, Ovid, Persius, Statins, Ausoniua» 

Propertlus, Horace, Juvenal Silius Italiens, Claudlan. 

Lucretius, Phaedrua» Maräal, Valerias Flaecm» 

DAMMII LEXICON GR>ECUM, HOMERICUM ET PINOARICUM. CunDnroAV, 

royal 4to, New Edition, printed on fine iwpcr (pub. at 5L 4«.), cloUi, U. I«. IMI 

*' An excelleut «ork: the merit» of wUch have been ualveraaUy aeknoviadged by tttmny 
characters."— />r. üibtuM. 

DEMOSTHENES, translated by LBX.Ain>, the two vols. Svow complete In 1 vol. iStto» haad- 
someiy printed In double columns, in pearl type, portrait (pun. at 4«.), ckilh, S«. 

DONNEGAN'S GREEK AND ENGLISH LEXICON, enlanced; with examples, lltKally 
translated, «elected from the classical authors. Fourth edition, coasideraltly riiliirgad. eare- 
full>' rnvised, and materially improved throughout; thiofc 8*o (17^ P>Km) (pub. aiXfc S«.). 
cloth, IL I: Iglft 

GAELIC-ENGLISH AND ENQLISH-GAEUC DICTIONARY, with Bxamplaa.MirMss, 

and Etyniolofrical Remarks, hv two Members of the Highland Society. Complete in 1 thick 
voL8vn. New Edition, contauüng many more words than the 4to Edition (pub. at U. 1«.), 
cloth, 10«. UL IMS 

QRAGLIA'S ITALIAN-ENGLISH AND ENGLISH-ITALIAN DICTIONARY, vith a 

conipciulinus lUillan Grammar and Supplementary Dictionary of Naval Terms, 18mo, roan 
(piih. at H».), 4m. 6d. 1148 

HERMANN'S MANUAL OF THE POUTICAL ANTIQUITIES OF GREECE, 

Uistorically considered, translated firom the German, 8vo (pub. at 14«.), cloth, 10«. §iL 

(XjifatO, Tiifftope, mt 
"Hermann's Manual of Greek Antiquities is most important."— ^AMina^^'« #/is(. «/Orserr, 
vol. i. p. 443. 

HERODOTUS, GARY'S (REV. H.) GREEK AND ENGLISH LEXICON TO 

HEKonOTUS, adapted to the Text of Gaisford and Baebr, and ail other Editions, BTO,cl«t!i 
(pub. at 12«.), 8«. 

LEMPRIERE'S CLASSICAL DICTIONARY. Mlnlatm« EdiUon,enntainfmraf«ilAiM.'«B! 

of all the Proper Names mentioned in Ancient Authors, and mucj useful infctfmation T%\ftfi» 

loff the uses and habits of the Greeks and Romans. New and complete Edilioa, tl4sivtly 

pnnted In peari type, in 1 very thick vol. 18mo (pub. at 7«. id,), cloth, 4«. fid. 1S4S 



PUBLISHED OB SOLD BT H. G. BOHN. 27 



LEES HEBREW GRAMMAR, eompiltd nrom the best AutborUlts, and Brindpally from 
Orientftl Soure«*, detifriMd for tJit um of StiidcnU In Uit Univenilties. new Sditieo, «nrklMd 
with much or^gkMl matttr. SixthTlinticuid« 8vo (pub. at UU.i, etotii, If. Lmd. Dmiemit IWW 

LEE'S HEBREW, CHALDEE, AND ENGU9H LEXICON. Complied from tbe beit 
Attthorltie», Uriental and European, Jevfaih and Christian. Including Isuxtorf, Taylor, 
Pauchurst. and Gkkbkius; containing all the Word», with their Inflection«, Idiomatic 
■VHfM, Ac. mund in tke Hebrew and Chaldee Text of tlie Old Teetament ; with numcroua 
corrections of former LexIcoirrRuhers and CommenUtors, followed by an Bnglish Index, In 1 
thick vol. 8vo. Third Thousand (pub. at 1/.&I.), cloth, IS«. Xendoa, MM 

LEVERETT-S LATIN-ENGLISH AND ENGLISH-LATIN LEXICON, compiled flrom 
Pacciolati and Schblukk. Thick royal Hvo |pub. at It. 11«. 6d.), ciotb, II. 3«. 1M7 

UVfl HISTORIA, EX RECENSIONE ORAKENBORCHtl ET KREYSSIG;' 

£t Annutatlones Crkvierii, Strothii, Rupbrti, etallorum: Aniniadversioaes Niebuhrii, 
Wachmmutiiii, etsuasaddiditTKAVKRsTwiss. J. C. B. Coll. Univ. Oxon. Bociua et Tutor. 
Ctttn Indiceamplissime, 4 vols. 8vo (pub. at U. 18«.), cloth, U. 8«. Ojfonl, 1841 

This is tlie best and most useful edition of Livy ever published in octavo, and it is preferred 
la «U our universities aad eiasaieal schools. 

UVY. Edited by Prsvobvillx. Livii HistoriK Hbri quiaqm pxtofM, «ith'&iflisti .Notes,' 
by Prekdbvillb. New Edition, l2mo, neatly bound in reao, it* 184» 



tlie Muae, Books I to III, sepasafteiy, eloth, 3«. W. 
> tlw aaim, BMlui IV aadV, etotlt, 8«. «f. 



NEWMAN'S PRACTICAL SYSTEM OF RHETORIC; or, the Prloei^lM aad RttI« of 
Style, with Examples. Sixth Edition, ISmo (pub. at 6$. td.)t cloth, 4«. M46 • 

NIEBUHR'S HISTORY OF ROME, enitomixed ( for the use of collens and schools), with- 
Clironolofrieal Tables aad Appendix, by Traviirs Twiss, B.C.Dr complete In 2 volt, hound in« 
.i,Wfo 4pMb. «t It. I«.), cloth, I««. 4U. O^/brrf, VVittoy«, 1837 

^Thls edition by Mr. Twiss Is a very valuable addition to elassleal learning, clearly and ably 
tmbodyinf all tiie latest efforts of the laborious Niebuhr. "—Xi/ervry GaaetU. 

OKFOAO CHRONOLOGICAL TABLES OF UNIVERSAL HISTORY, trma the 
earliest Period to the present lime; In which all the frreat Events, Civil, RcIIkIous, Scientific, 
and Literary, or the various Nation« of tlie vVorld are placed, at one view, under tbe eye of the 
Reailer in a Series of parallel columns, so as to exhibit the state of the whole Civilized World 
at any epoch, and at Uie same time form a continuous chain of History, with Genealogical 
Tables of all the principal Dynasties. Complete in 3 Sections; viz:— 1. Ancient History. 
II. Middle Ages. III. Modern History. With a most complete Indnc to the cntiM work, 
foUo (pub. at U. U».)f half bound morocco, U. U. 

The above is also sold separately, as follows :— > 

THE MIDDLE AOES AND MODERN HISTORY,} parts In 1, folio (pub. at U. St. ed.), 
aewed, ift«. 

MODERN HISTORY, MIo tpab^-at 18«.), SMred, 8«. 

PLUTARCH'S LIVES, by the LAVflHORvna. Complete In 1 thkk toL tvo (pnb. at Ib.), 
elotii, 7«. 6tl. 

RAMSHORN'S DICTIONARY OF LATIN SYNONYMES, for the Use of Schools and 
Privat» Studenta. Trtnslated and Edited by Dr. Lnann. Post 8v» (pub. at 7«.), cloth, 4«. 9d. 

1841 

RmrER.'S HISTORY OF ANCIENT PHILOSOPHY, tnmalcted (h>m the German, by 
A. J. W. MoRRiHon, BJl. Trinity Coliefe, Cambeidse. 4 vola. 8to, no« completed, with a 
Ocaeral Index, cloth, lettered (pub. at tL, 4«.), 2/. 3«. O^onf, U46 

The Fourth Volume may be had senarately. Cloth, 14« 

'**AiFtmnortant work: it may be said to liave superseded all tilt prevlotis histories of philo- 
■ophy, and to liave Iweome the standard work on the sul\ject. Mr. Johnson is also exempt 
from the usual fkulte eftranaiators.*'— Qiier<er(y Htouw, 

SCHÜMANNS HISTORY OF THE ASSEMBUES OF THE ATHENIANS, 

Kanslated (Vom the Latin, with a complete Index, 8vo (pub. at 10«. <d.), clotli, A«. Comb. 1838 

A book of the sam» school and character as the «orka ef HaaRBv, Bobchx, Scmlbobl, Ice. 

ELLENDTS GREEK AND ENGLISH LEXICON TO SOPHOCLES, tnmsiatcdby 
Cart. 8vo (pub. at 111.), cloth, 8«. «d. Oj^brd^ Tmibog», 1841 

STUARTS HEBREW OHRESTDMATHY, desifmedaa an Intfodactfaa to a Coarse «f 
Hebrew Study. Third Edition, 8vo (pub. at 14«.), cloth, 8«. Oiff^reU 7V<6ey«, ISSi 

This work, which was deslgnod by Ite learned author to fkeilltete the study of Hebrew, has 

had a «vr>- extensive aale In America. It forms a desirable adjunct to all Hcbrsw Ommsäars, 

~. is sufflcient to complete the system of instruetlon In that I 



TACITU& CUM NOnS BROTIERI, CURANTE A. J. VALFY. 
Appcadie«. «^vds. tvo (pah. at 2/. Ma.), cloth, it. 6«. 

The BMStcomplcM E^tlton. 

TACITUS» A NEW AND LITERAL TRANSI ATION. •TD(piib.stttKLc1«tli,i8s»M. 
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" A work which marks out all the leading epochs in philosophy, and fdvea KliMte clnaoali»« 

gfcal Information concerning them, with hiogrmphical notices or the founder« and foll «y«i— off 

' the principal schools, ample texts of their works, and au account of the prtncipiil «dlHonaw In 

a word, to the student of philosophy, I know of no work in English Ukeljr to prove tuUfao uso- 

tuW—Haffwardf ta Am Trmulattim c/ Goetke't Pkiut, 

TERENTIUS, CUM NOTIS VARIORUM, CURA ZEUNII, can Gobs; acced. Index 
copiosissimos. Complete In I thick vol. 8vo (pub. at 10i.), cloth, St. ISS7 

TURNER'S (DAWSON W.) NOTES TO HERODOTUS» Car tho Um of CoUego 
Students. 8vo, cloth, I3i. 1847 

VALPY'S GREEK TESTAMENT. WITH ENGUSH NOTES, accompanied hj parallel 
passages from the Classics. Fifth Edition, 3 vols. 8vo, wltla S maps (pbb. at Si.), dotti, U. &•. 

I8ir 

VIRGIL. EDWARDS'S SCHOOL EDITION. VirgUH .Snela, eura EDWAmi>i,et OueMi. 
ones Virgilians, or Notes and Questions, adapted to the middle forms In Schools, S vols. in. 1, 
I2mo, bound in cloth (pub. at 6«. 6d.), St. 
*«* Either the Text or Cluestions may be had separately (pub. at St. (kf.), 2t. 9d» 

WILSON S (JAMES, PROFESSOR OF FRENCH IN ST. GREGORYS COLLEGE) 

FRENCH-ENGLISH AND ENGLISH-FRENCH DICTIONARY, containing füll Expla- 
nations, Definitions, Synonyms, Idioms. Proverbs, Terms of Art and Science, and Ruin of 
■ Prununriatlon in each Language. Cos piled from the Dictionaries of the Academy, BowrsK, 
CiiAMBAun, Garner, Lavbaux, Des Carribrbs bum f aix, JoairsoK and Waxjuol. i 
large closely printed vol. imperial 8vo (pub. at 2t. 2t.), cloth, lU 8t. 1841 

XENOPHONTIS OPERA, GR. ET LAT. SCHNEIDERI ET ZEUNII, Aeeedtt Index 

iPoRKoji and Elmslby's Edition), 10 vols. 12mo, handsomely printed in a Uin ^jrp«i done up 
1 5 vols. (pub. at 4/. 10«.), cloth, 18t. IMl 



The same, large paper, 10 vols, csown 8vo, done up in 5 vols, cloth, U. St. 



XENOPHON'S WHOLE WORKS, translated by Spklxav and others. TUvOfpmpM» 
Edition, 1 thick vol. 8vo, portrait (pub. at Iftt.), cloth, 10«. 



iaobel», JEBorfe» of Jpiction, Uigfit ^Keaöing. 



AINSWORTH'S WINDSOR CASTLE. An Historical Romance, lUustrated by Gboiiob 
Cruikshabk and Tony Jokavmot. Medium 8vo, line Portrait, and MS Steel and Wood 
Engravings, gilt, clotli, 5«. 1843 

BREMER'S (MISS) HOME: OR, FAMILY CARES AND FAMILY JOYS, translnted by 
Mary Howitt. Second Edition, revised, 2 vols, post 8vo (pub. at U, 1«.), dotn, 7«. W. 184S 

THE NEIGHBOURS, A STORY OF EVERY DAY LIFE, nuslated kj UA%t 
Howirr. Third Edition, revised. 2 vols, post 8vo (pnb. at 18«.), cloth, 7«. 6d. 184S 

fRUIKSHANK "AT HOME;" a New FamUy Album of Endless Bntertainnent, eonsbtinc 
of a Series of Tales and Sketches by the most popular Authors, with numerous clever and 
humorous Illustrations on Wood, by Crvikshakk and Seymoor. Also, CRUIKSHANK'S 
ODD VOLUME, OR BOOK OF VARIETY. Illustrated by Two Odd Fellows— Sb^xoub. 
and Cruixshakx. Together 4 vols, bound In 2, feap. 8vo (pub. at 2U I8t.), doilit a|IL IQi. dd. 

184» 

HOWiTTS (WILLIAM) LIFE AND ADVENTURES OF JACK OF THE MILL 

A Fireside Storv. By William Howitt. Second Edition, a vols. feap. trOt vftMf iiiur 
trations on Wood (pub. at IS«.), cloth, 7t. id, ' is^ 



HOWITTS (WILLIAM) WANDERINGS OF A JOURNEYMAN TAILOR, 

THROUGH EUROPE AND THE EAST, DURING THE YEARS 1884 to IMA. T^aiM- 
lated by William Howitt. Fcap. 8vo, with Portrait (pnb. at 6t.), doth, St. ed. 1844 

HOWITTS (WILLIAM) GERMAN EXPERIENCES. Addressed to th« Bngllsh, bot& 
Goers abroad and SUyers at Home. 1 vol. fcap. 8vo (pub. at St.), cloth, St. 6d. 1844 

JANE'S (EMMA) ALICE CUNNINGHAME, or, th« Christian as Dan8hter,81iCar. Friend, 
and Wife. Post 8vo (pub. at St.), cloth, 8«. 6d. 1848 

JOE MILLER'S JEST-BOOK; being a Colleetton of the most excellent Bon }f«lB,BriUiant 
Jesu, and Striking Anecdotes in the EnglLsh Language. Complete in 1 thick MAclesoljr but 
elegantly printed vol. fcap. 12mo, Frontispiece (pub. at 4«.), cloth, St. 1849 

JERROLD'S (DOUGLAS) CAKES AND ALE, A Collection of hnawioM Mn and 
Sketches. S vols, post 8vo wiU» Plates, by Obomx CavixsHAJnc (pub. i» ifs.|» «locli 
flit, 8«. iMS 



PUBLISHED OR SOLD BT H. G/BOHN. 29. 

*. ^i—— — ^— ■ " '■ ^— — . 

LA9rF>OR''TH& PLANTAGEN ETS, an nistorlc«lNamtiv«.iniutrsUiit the Public XTcirta, 

■ «Bdi DbnMRtic ami Ecoiealastical Manners of the 15th and Ifltn Centuriea. Feap. Sto, TMrd 
E4ilkm (pub. at 7«. 6c/. ) , cloth, 3«. 6J. 1839 

LEVER'S ARTHUR OLEARY; HIS WANDERINGS AND PONDERINGS IN 
MAXY LANDS. Edited hy Harry Lorrbqubr. CROiKsBAXK'a Mew Illostrated Edition. 
Cami^lM« In I vol. svo (pub. at 13*.), cloth, 9*. 184i 

LOVN'S LEGENDS AND STORIES OF IRELAND. Both Series. S yoIs. Ibap. Sro. 
Fourth Edition, embellished with Woodcuts, hy Uarvxt (pub. at I5f.), cluth, 6«. id, 1847 

LOVERlS Handy ANDY. a Tale or Irlsh Life. Medium 8to. Third EdlUon, wtth M 
characteristic Illustrations on Steel (pub. at 13f.), cloth, 7*. 6ci. 1849 

LOVER'S TREASURE TROVE; OR L S. D. A Romantie Irish Tale of the last Cen- 
tury. Medium 8T0. Second Edition, with 26 characteristic Iliastrations on Steel (pub. at 14«. )• 
cloth, 9». 184« 

MARRYATS (CAPT.) POOR JACK, Illustrated by 46 large and ezouiritelv beantUUl 
Engravings on Wood, after the masterly designs of Clarxsok Stakpiklo, R.A. 1 handsome 
vol. royal 8vo (pub. at 14«.), gilt cloth, S>. 1830 

MARRYATS PIRATE AND THE THREE CUTTERS, «to, with so most splendid line 
Engravings, after Stavfikld, Engraved on Steel by CHABLXa Hkath (originally pub. at 
1/. 4«. ), gU(( cloth, 10«. 6d. 184» 

MILLER'S. GODFREY MALVERN, OR THE UFE OF AN AUTHOR. By the 

Author of «Gideon Giles," ««Royston Oower," "Day. in the Woods," ftcftc. a Tola in 1, 
.Sto, wtth 34 cl^rer Illustrations by Phiz (pub. at 13«.), cloth, 6«. 6ff. 184S 

**TI|is wArk has a tone and an individuality which distinguish it (Vom all others, and cannot 
be Jf a4'vvnboMt pleasure. Mr. Miller has the forms and colours of rustic liCs more completely 
«hdeir his control than any of his predecessors."— W/A^iunisi. 

MITFOBP'a (MISS) OUR VILLAGE: complete in 9 vols, post Sto, a Series of RnnlTalca 
and 9i;etoijpj;« . T«ew Edition, beautiftil Wotidcuts, gilt cloth, 10«. 

PHANTASMAGORIA OF FUN, Edited and Illustrated by Alvrrd Crowqvxu. S toIi. 
post 8vo, illustrations by Leech, Cruikshakk, &c. (pub. at 18«.), cloth, 7«. 6d, 184S 

PICTURES OF THE FRENCH. A Series of Literary and Graphic Delineations of Freneli- 
€Ifmlctvr.' By Jules Javin, Balzac, Cormrkin, and other celebrated French Authors. 
I large vol. royal 8vo, Illustrated by upwards of 230 humorous and extremely clever Wood 

' ** Engravings hy distinguished Artists (pun. at 1/. S«.), cloth rilt, ifl«. 1849 

Ijiis book is extremely clever, both in the letter-press and plates, and has had an immeiiaa 
run in Franc«, greater even than the Pickwick Papers in this countiy. 

POOLE'S COMIC SKETCH BOOK; OR, SKETCHES AND RECOLLECTIONS 
BY THE AUTHOR OF PAUL PRY. Second Edition, 2 vols., post 8to., fine portrait, 
cloth gilt, with new comic ornaments (pub. at 18«.), 7«. 6a, 184S 

SKETCHES FROM FLEMISH LIFE. By Hexdrik Coksciskci. Square l3mo, ISO Wood 
Engravings (pub. at 6«.), cloth, 4«. 6d. 

TROLLOi^E'is (MRS.) LIFE AND ADVENTURES OF MICHAEL ARMSTRONG, 
THE FACTORY BOY, medium 8vo, with 24 Steel Plates (pub. at 12«.), gUt cloth, 6«. td. 1849 

TROLLOPES (MRS.) JESSIE PHILLIPS. A Tale of thePreaeatDay, mcdlimi8TO,port.. 
and 19 St^el Plates (pub. at 13«.), cloth gilt, 6«. 6ff. 1844 

UNIVERSAL SONGSTER, Illustrated by Cxvikshaitx, being the laigest eolleetioa of the 
best Songs in the English language (upwards of 5,000), S vols. Svo. with 87 humorous En- 
gravings on Steel and Wood, oy Gboroe CsimcsHAirK, and 9 meoallioo Portraits (pub, at 
IL'U».), cloth, 13«. 6<l. 

^ttbentle anlr lEIementarg SSoo^s, CEfgrnnastfcs, Srt. 

.1 ■:•■' — — 

ALf'KÄll^' OF QUADRUPEDS, nhistrated hy Plgurea selected tnm the wwks of tha 

Old Masters, square l2mo. with 34 spirited Engravings after Berohbm, Rembraitdt, Ctryr, 

Favl ^ot;cxr, &c. and with initial letters by Mr. Shaw, cloth, gilt edges (pub. at 4«. M.), Se. 

'-> I > ■ 1880 

■ ' fi' ' " 'the same, the plates coloured, gilt cloth, gilt edges (pub. at 7«. id,) 5«. 

CRABB'S (REV. G.) NEW PANTHEON, or Mythology of all Natfona; especially fbr th« 
Vn.e/rSehoolsand Young Persons : with Clnestlons fbr Ezaminatioii on the Plan of Pnrvocx. 
■ ihno, with 38 pleasing lithographs (pub. at 3«. ), doth. It. 1847 , 

CROWQUILL'S PICTORIAL GRAMMAR, lem«, with m humorona ffluatratloas (pub. 
. . ,ai 5ir.y, Cloth, gilt edges, 2«. 6<f. 184« 

DRAPER'S JUVENILE NATURALIST,,» Country WaUu ta Sprfng, Summer, Autumn, 
ahiWlhtVr^ square 12ino, with 80 beautlAilly executed Woodenta (pub. at?«. 6tf.), doth, gilt. ' 
«l|geä,-4», ed: 1S45 

ENCYCLOP/EDIA OF MANNERS AND ETIQUETTE, eonwiaingauImproTmledltloB 

■ ■ of OMstaefleld's Adviee to his Son on Meu and Manaera: and the Tomg Man'a own Book ; b 

-Maiiwri «f Politeness, lateileetaal Inproremmt, and Moval OtywlUMuly KaM^ Vkontlntecei, 
«loth, gUt edges, 2«. JMT 
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EQUESTRIAN MANUAL FOR LADIES, by Piu^ra Howjuui. Ve«p.STo,«p«iidiorit 
hMuUAtl Weodcats (pub.-«! 4«.), «Utoiecb, gilt eilfM, S». bo. »44 

GAMMER GRETHEL'S FAIRY TALES AND POPULAR JTORIES. translated tnm 
the Ocrtnan of Gaiiiif (contaiBiiiF 43 Fairy Tales), post tvo, Buaerous Woodeuu by Obobsx ° 
Crvikshavk (fOb. at7«.M.),cloUifiU to |g4P 

GOOD-NATURED BEAR, a Story for Chiiuron of all Aget, bf XLH.Hoaxx. SqMiwfr«, 
platos ( pub. at &«. ) cloth, 3«., or with th> v«ates eolenred, 4f. > 18^0 

GRIMM'S TALES FROM EASTERN LANDS. Sqnaz« ismo, plates (pub.at<«.),elotk. 
3«. 6d., or plates cotourMi, 4«. ad. Ig47 

HALL'S (CAPTAIN BASIL) PATCHWORK, a Now Snries of Fragments of Voyani and 
Travels, 8ec<md Edition, ixmo, eleth, with tiM back very ilcUy and appropriately gilt «fth 
patehvork devices (pub. at 15f.),7f.M. 1841 

HOLIDAY LIBRARY, Edited by Wiixiam Haslitt. UnUSonnl/ printed in s lols. plates 

a tub. at lit. M.), elotli, lOt. id., or separately, vis:— Orphan of Waterloo, St. M. Holly 
range, 3«. td. Legends of RabeaabI, and Fairy TUes, S«. id, IM5 

HOWITTS (WILUAM) JACK OF THE MILL, a ▼•!■. iamn (pub. at M«.), «Mk gUt, 

7».«d. 1844 

HOWITTS (MARY) CHILD'S PICTURE AND VERSE BOOK, eommoitlr called 
"Otto Specktcr's Fable Book:" transUated into Enrti^h Verse, with French and Oerman 
Verses opposite, fonntng a TrViott, square ISmo, with 100 lacgo Wood Engravinga (pab. at 
10«. lie/.), extra 'I'urkey cloth, gilt edires, &$, 18iS 

This is one of the most elegant JuvenUe hooka ever prodscM, and has the wnraltjr of Mftsg In 
ttiee languapes. 

LAMB'S TALES FROM SHAKSPEARE, deefamodprheipalWfn-thenaeorTsnvPmons 
(written by Miss and Charles Lamb), Sixth Editkxn, embellished with SO laise ana boautifU 
Woodcut Biigravings, from designs by Harvry, fbap. Ovo (pob. at 7«.«cf.),«mti gilt, ie. 1843 
" One of the most useful and agrei>ahle companions to the understanding ofSbakspeare which 
have been produced. The youthful reader «bo is about to taste the charms of our groat Bard, 
Is strongly recoounendod to prepare himself by first reading tkeae eiegant tale«.*' Qnurtai^ 
Review. 

L. E. L TRAITS AND TRIALS OF EARLY UFE. ASeriaanTTatokAdUreasedto 
Young People. By L. E. L. (Miss Lakdok). Fourth EitttioB, Ceap. tvo, with a beaotiftil 
Portrait Engraved on Steel (pub. at 5«.), gUt cloth, Z». 184$ 

LOUDON'S (MRS.) ENTERTAINtNG NATURALIST, belBg popular Descriptions, 

Tales and Anecdotes of more tlian 300 Animals, comprehending all thie Quadrupeds, Birds, 
Pishes, Reptiles, InsecU, ftc. of which a knowledge is indlsponsable in VoUte Fiiuntinn: 
Illustrated oy upwards of MO bcautiAiI 'Woodcuts, by Bbwxck, üahvit, Wiumvbb, and 
others, post Ovo, gUt cloth, 7«. M . .18M 

MARTIN AND WESTALLS PICTORIAL HISTORY OF THE BIBLE, the Ml«. 

Sress by the Hev. Hubakt Cavxtkr, Ovo, 144 extremely boautlftil Wood Engravings by tiie 
rst Artists (Including reduced copies of Martin's celebrated Pictures, Belsnaszar*s nast. 
The Deluge, Fall of Ninevob, kc), «h»th gilt, gilt odgoa, reduced «o U«. Whole beuad mvt. 
richly gilt, gilt edges, tO«. 1M6 

A most elegant present to young people. 

PARLETS (PETER) WONDERS OF HISTORY. Squan Iteo, smeiwu Woodents 
(pub. at 6f.), cloth, gilt edges, S«. 6d. 184C 

PERCY TALES OF THE KINGS OF ENGLAND; Stories of Camps and BaKle-nelds, 
Wars, and Victories (modernized from Holiksubd, Frousakt, and the other Chroniclers). 
3 vols, in 1, square l2mo. (Parley sixe.) Fourth £ditlon, considerably improved, conpleted 
to the present time, embellished with 16 exceedingly beautiful Wood Engravings (pub. atO>.), 
cloth i^lt, gilt edges, 3«. I8S0 

This beautiful volume has enjoyed a large share of success, and deservedly. 

ROBIN HOOD AND HIS MERRY FORESTERS. By Stbphsh Pbrct. B^mn Itmo. 
8 Illustrations by Gilbert (pub. at h». ), cloth, 3«. 6d., or with coloured Plate«, &•. ISAO 

STRICKLAND'S (MISS) EDWARD EVELYN, a Tale of the Rebellion of 1745; to which b 
. «dded "The Poaaaat*8 Talc," by JBrrsKTs Tatlo», loap. «vo, 2 Una Platos (pub. at 0«.), 
«letihgiUrS'. Od. low 

By the popular Aatbor of the LIvoa of tho tt n s — of Ba^aad. 

TOM KIN'S BEAUTIES OF ENGLISH POETRY* iclectod for the Uae of To«th, and 
designed to iuctUcato the Practice of Virtue. Twentieth Edition, with considerable addiUons, 
royal mmm, «eiy iti»sntly priaOod, with a beoutlftil FnnitiBpiooo after Uarvbt, otogaatvllt 
edges, 3(.<d. 1847 

WOOD-NOTES FOR ALL SEASONS (OR THE POETRY OF BIRDS), m Series of 
Songs and Poems for Yonag Poople, contributed by Bakrt Coriiwai.l, Wordswohtk,- 
Hoore, Colbxidox, Campbxll. Joarma Baillib, ELISA Cook, Mary Huwnr, Mrs. 
Hem ANS, HooG, Charlotte Smith, Ac. feap. Ovo, veiy prettily printed, wtth" 1ft baautiftal 
Wood Engravhigs (pub. at-Ss. «d.1, cloth, gilt edges, t«. UtS 

YOUTH'S (THE) HANDBOOK OF ENTERTAINING KNOWLEDGE, to a 8«rlia of. 

Familiar Conversations on the most interesting productions of Natur« and Art, and on other 
Inatmettve Tc^piea of Poliie Education. By a Lady (Mna. Pallmbe, the Slitor of OaijMite 
•Kaehtat), t «ols. fbap. 8vo, Woodcuts (nub. at tit.), cloth-gilt, <•. OM« 



' This la-a very^cioTer aadhntructive book, adapted to tht eauacUiw «f .jattif fMflo^iKtt« 
ylan of tho Convenationo on Chemiatr} , Mineralogy, Botaty , kf » 



FOBLUHBD OB BOU> IT. B. Q, BOHK. 

iSlusfc aria iCIusftal aStnlts. 
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Hinf. «ilf OttfßB \ «lOl FlHH DMM tol liT f^ 



MUSrCAL OEM: i 



CDmpoaan offliE imHiBl diT, mduud Ibr lb* VotaSTVluHL or VMlB ffldlbri bv , 
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T^ttNyfe^aml c ^ U rttoiicggnmnar— *Bq»l>ff<f 111« but mpT^gB ptew^ bwloj 



iSlJÖftlni. Sburgtrp, Snatting, CTOrmlstrB, 



D CASTLTS BRmSH FLORA MEDICA; I 



AAei?ecd]nffljEli«4p)*ltfut,iio4i 
BATEMAN__ANDpWLLAN^DELjl 



BOSTOCK'S <Dfl.} SYSTEM OF PHYSIOLOGY, ciimpTlilnii Canplau VI» or u» 



DURNS'S PRINCIPLES OF MIDWIFERY, t. 



«LSUS DE MEDICINA, KdHBl bj K. Hrn,.ii..,^D. rh 



HOPE'S MORBID ANATOMY, r. 



LAWRENCE <W.) ON THE DISEASES OF THE et^^TIMSaam.-tlß1t 

LPTSCDR.) ESSAY ON THE CROUP, »™.iPI««rpob."n^l,<!l«b,»i.M. n 
UFE. OF SIR ASTLEY COOPER, Uiitnpei.«! .lib bi> akiub« gr MnHoMH« Ci 



POCKer-BOO^ mtk nruw»(r<k.aiui.], i 
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NEW LONDON CHEMICAL POCKET-BOOK; adapted to the Dttly m of the Stndrat. 
royal I8mo, numerous Woodcuts (pub. at 7«. 6d,), hL bd. 3«. üä. 1844 

NEW LONDON MED!CAL POCKET-BOOK, including Pharmacy, Fosology, ke. royal 
ISmo (pub. atb.), hf. bd. 3«. 6(2. 1^44 

^^^}FJPV' T'?^'^'^!^.! .ON DIET AND THE DIGESTIVE FUNCTIONS, 

fith edition (pub. 11«.), doth, S«. ^ 

PLUMBES PRACTICAL TREATISE ON THE DISEASE OF THE SKIN. 

fourth edition. Plates, thick 8vo( pub. at W.1«.), cloth, 6i.6d. aivin. 

SINCLAIR'S ISIR JOHN) CODE OF HEALTH AND LONGEVITY: Sixth Edition, 
complete in 1 thick vol. 8vo, Portrait (pub. at !<.), cloth, 7t. 1844 

SOUTH'S DESCRIPTION OF THE BONES, together with their several connexions 
vith each other, and with Uie Muscles, specially adapted for Students in Anatomy, numerous 
Woodcuts, third edition, 12mo, doth lettered (pub. at 7«.), 3*. Ctf. 1837 

STEPHENSON'S MEDICAL ZOOLOGY AND MINERALOGY: inclmllnir also an 
account of the Animal and Mineral Poisons, 4A coloured Plates, royal Svo (pub. at 21. 2*.), 
clotb, 1/. If. 1838 

TYRRELL ON THE DISEASES OF THE EYE, being a Practical Work on their Treat- 
ment, Mediculiy, Topical Ir, and by Operation, by F. Tyruxll, Senior Surgeon to the Uoval 
London Ophthalmic Hospital. 2 thick vols. 8vo, illustrated by 9 Plates, containing upwards uf 
60 finely coloured ilgures (pub. at 1/. 16«.), cloth, U. 1«. lato 

WOODVILLE'S MEDICAL BOTANY. TlUrd Edition, enlarged by Sir W. Jacksow 
Hooker. 5 vols. 4to, with 310 Plates, Engraved by Sowerby, most carefully coloured (pnh. 
at 10^. 10«.), half hound morocco, 5/. 5«. The Fifth, or Supplementary Volume, entirely by Sir 
W. J. HooKKR, to complete the old Editions. 4to, 36 coloured Plates (pub. at 2/. 13«. 6«/.), 
boards, U. lU. 6d. 1832 



imatjb^mattcs. 



BRADLEY'S GEOMETRY, PERSPECTIVE, AND PROJECTION, for the nse of 

Artists. SPlatesandnumerous Woodcuts (pub. at 7«.), cloth. A«. 1848 

CUCLID'S SIX ELEMENTARY BOOKS, br Dr. Lardnbr, with an Explanatory Com- 
mentary, Geometrical Exercises, and a Treatise on Solid Geometry, 8to, Ninth Edition, 
cloth, C«. 

EUCLID IN PARAGRAPHS: The Elements of Euclid, containing the flnt Six Books, and 
the first Twenty-«ne Propositions of the Eleventh Book, I3mo, with the Planes shaded, (pub. 
at 6«.), cloUi, 3«. 6d. Camb. 1845 

JAMIESON'S MECHANICS FOR PRACTICAL MEN, including Treatises on ti>e Com- 
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